^y 


1 


Nfa 


^ 


.*Or 


A  Nomadic  hording 

dtle 

Shifting  cultivation 


she.ep>  Livestock  ranchin 


E«2jb    Intensive  subsistence  till-     Sc£?to> 


D  "'-  "     Rudimenial  sedentary 

'IdQt 


tillage 
?nce 
age,  rice  dominant 

Intensive  subsistence  tillage 
without  paddy  rice. 

Commercial  plantations 

'dedcterranean  type  of 
igriculture 


<*n,  *v  m-' 


Commercial  grain  farming 

Commercial  livestock,  and  grapes^ 

crop  firming 

Subsistence  crop  and 
livestock,  farming 


S\^~^m     Commercial  dairy  farming 

Specialized  agriculture, 
Irrigated  land 

Oas&s 


Vorld     Agriculture 


; 


- 1? 


e  darkness  of  patterns 
varies  with  the.  intensity 
of  farming 


Jkfter  D.  S.  Whittlesey 
bytrwin  Fla; 


House  Document  No.  27 
77th  Congress,  1st  Session 

1941 

YEARBOOK   OF 
AGRICULTURE 


YEARBOOK  OF 


1941 


UNITED  STATES 

DEPARTMENT  OF  AGRICULTURE 

WASHINGTON,  D.  C. 

UNITED  STATES  GOVERNMENT  PRINTING  OFFICE 


AGRICULTURE 


FOR  SALE  BY  THE 

SUPERINTENDENT  OF  DOCUMENTS 

WASHINGTON,  D.  C. 

PRICE  $1.75 


i\ 


Yearbooks 

IN    THIS    SERIES 

1936:  Better  Plants  and  Animals.     Vol.  1 

1937:  Better  Plants  and  Animals.     Vol.  2 

1938:  Soils  and  Men 

1939:  Food  and  Life 

1940:  Farmers  in  a  Changing  World 

1941:  Climate  and  Man 


YEARBOOK    COMMITTEE 


1941 


F.  W.  Reichelderfer.  Weather  Bureau.  Chairman 
Louis  H.  Bean.  Bureau  of  Agricultural  Economics 

Joseph  B.  Kincer,  Weather  Bureau 

Larry  F.  Page.  Bureau  of  Agricultural  Economics 

C.  G.  Rossby.  Weather  Bureau 

Charles  F.  Sarle.  Bureau  of  Agricultural  Economics 

C.  Warren  Thornthwaite.  Soil  Conservation  Service 

Edgar  W.  Woolard.  Weather  Bureau 

Gove  Hambidge.  Office  of  Information.  Editor 
Marion  J.  Drown.  Office  of  Information.  Assistant  Editor 


•&>•*&■ 


At  the  time  of  the  appointment  of  the  1941  Yearbook  Committee  and 
throughout  most  of  the  committee's  active  work  in  shaping  the  book,  the 
Weather  Bureau  was  part  of  the  Department  of  Agriculture.  Subse- 
quently it  was  transferred  to  the  Department  of  Commerce. 

The  committee  lost  one  of  its  ablest  members  in  Larry  F.  Page,  who 
died  June  10.  1940.  Mr.  Page's  exceptional  knowledge  in  the  field  of 
long-range  weather  forecasting  gave  him  a  dynamic  part  in  the  Depart- 
ment's work  in  this  field. 

Special  acknowledgment  should  be  made  of  the  assistance  given  by  the 
Work  Projects  Administration  in  preparing  material  for  Part  5  of  this 
volume.  Under  the  direction  of  J.  P.  Kohler.  of  the  Weather  Bureau,  a 
small  staff  of  WPA  workers  combed  the  vast  number  of  records  necessary 
to  compile  many  of  the  tables  in  that  part  of  the  book  and  prepared  most 
of  the  numerous  maps.  Without  this  assistance,  the  data  given  could 
not  have  been  so  complete. 


FOREWORD 

Next  to  crop  prices,  nothing  is  more  important  to  the  farmer's  business 
than  the  weather,  and  in  fact  the  weather  often  has  a  strong  influence  on 
prices.  So  every  farmer  takes  a  keen  interest  in  the  weather,  and  in 
many  cases  he  is  a  weather  prophet  of  no  mean  ability,  at  least  for  his 
own  local  area.  One  of  the  first  things  he  is  likely  to  do  when  he  gets  up 
in  the  morning  is  to  scan  the  sky.  note  the  direction  of  the  wind,  and  plan 
his  day's  work  according  to  what  he  thinks'  the  weather  is  going  to  be. 
This  remains  true  even  though  the  radio  and  the  newspaper  now  give 
him  Government  forecasts  for  his  general  area. 

Weather  science  is  one  of  the  large  family  of  sciences  closelv  tied  up 
with  agricultural  operations,  from  the  smallest  to  the  largest.  The 
intelligent  farmer  today  hardly  makes  a  move  in  which  some  science  or 
other  is  not  involved,  even  if  he  does  not  consciously  realize  it.  Most 
intelligent  farmers,  however,  realize  that  they  do  constantly  use  the  find- 
ings of  science  in  their  work. 

The  present  Yearbook  of  Agriculture  carries  on  the  work  of  the  pre- 
ceding volumes,  each  of  which  has  covered  some  major  aspect  of  science 
fundamental  to  the  use  of  our  agricultural  resources.  This  volume  takes 
up  weather  and  climate.  Although  the  Weather  Bureau  was  transferred 
from  the  Department  of  Agriculture  to  the  Department  of  Commerce 
in  a  Governmental  reorganization  that  took  place  after  this  book  was 
under  way,  work  on  it  was  continued  because  no  series  of  volumes  on 
science  in  agriculture  could  be  complete  without  including  weather.  For 
example,  the  very  important  long-range  forecasting  work  on  which  the 
Weather  Bureau  is  now  engaged  grew  originally  out  of  the  needs  of 
agriculture. 

Naturally,  a  large  part  of  the  present  volume  is  devoted  to  detailed 
discussion  of  the  relation  of  climate  and  weather  to  crops.  There  is  also 
a  good  deal  of  material  on  the  newer  developments  that  now  promise  to 
remake  the  whole  science  of  meteorology — developments  in  which  American 
scientists  have  played  a  leading  part  and  which  are  of  great  significance 
to  agriculture.  The  second  half  of  the  book  contains  tables  and  maps 
filled  with  a  wealth  of  detail  on  climate  in  all  parts  of  the  United  States. 
This  material  may  seem  dry  and  uninteresting  to  urban  people,  hut  it 
has  a  direct  bearing  on  farm  operations  in  every  agricultural  community. 

Kb  in  other  volumes  in  this  series,  the  shortcomings  of  knowledge  in  the 
science  concerned  are  emphasized  rather  than  glossed  over.  The  first 
step  in  increasing  knowledge  is  to  have  a  health\  awareness  of  what  we 
do  not  know. 

Claude  R.  Wickard,  Secretary. 
June  15,  1941. 
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Climate  and  Man — 
A  Summary 


By  Gove  Hambidge 


THIS  YEARBOOK  is  the  sixth  in  a  series  designed  as  a  set  of 
reference  volumes  for  modern  farmers  dealing  with  all  the 
important  aspects  of  present-day  agriculture  in  the  United 
States.  As  in  the  other  volumes,  all  the  articles  are  summed 
up  briefly  in  this  introduction.  Any  reader  who  wishes  to  do 
so  can  get  a  view  of  the  whole  subject  by  reading  the  summary. 
For  more  details,  he  can  then  turn  to  particular  articles 
in  which  he  may  be  especially  interested.  As  a  further  guide 
in  helping  the  reader  to  pick  out  what  interests  him,  each  article 
has  a  short  introductory  statement  below  the  title  telling  what 
it  i^  about. 


1  Gove  Hambidge  is  Principal  Research  Urn.  r,  Office  <>f  taformati 
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Every  householder  is  familiar  with  the  difficulties  he  encounters 
in  heating  his  home.  Heated  air -in  the  rooms  rises  toward  the  ceiling, 
cold  air  enters  through  cracks  and  descends,  and  the  floor  is  swept  by 
chill v  drafts.  Moisture  collects  on  cool  windowpanes  in  the  form  of 
''steam,"  and  on  winter  nights  they  are  coated  over  with  frost  crystals. 
There  is  a  constant  movement  of  air  currents,  and  it  obeys  strictly 
physical  laws,  but  the  movement  cannot  be  seen  because  air  is  totally 
invisible.  The  movement  of  the  currents  would  become  visible, 
however,  if  a  smoke-producing  device  were  placed  at  some  spot  in 
the  house.  The  smoke  would  be  seen  to  swirl  in  one  place,  drift 
lazily  in  another,  blow  along  rapidly  somewhere  else,  and  circulate 
all  over  the  house,  from  cellar  to  garret,  in  curious  patterns. 

Multiply  all  this  millions  of  times,  add  a  few  hundred  complications, 
and  you  have  what  happens  to  the  atmosphere  surrounding  the  earth. 
Just  as  a  furnace  is  a  heat  source  in  a  house  and  the  outdoors  is  a  cold 
source,  so  the  equatorial  region  is  a  heat  source  for  the  earth's  atmos- 
phere, and  each  polar  region  is  a  cold  source.  Instead  of  little  currents 
of  air  moving  a  few  feet,  there  are  immense  masses  moving  hundreds, 
thousands  of  miles,  rising,  sinking,  whirling  in  majestic  spirals,  battling 
bitterly  with  one  another  where  warm  and  cold  masses  meet,  forming 
huge  horizontal  waves,  drifting  along  as  gentle  breezes  in  one  place, 
creating  hurricanes  and  tornadoes  somewhere  else.  Instead  of  a  little 
steam  or  frost  forming  on  a  windowpane  from  condensation  of  mois- 
ture, the  condensed  moisture  in  the  atmosphere  forms  clouds  and  is 
dumped  on  the  earth  as  rain,  snow,  hail. 

The  general  circulation  of  the  atmosphere  over  the  earth  is  the  cause 
of  all  the  climate  and  all  the  weather  we  have.  And  just  as  the  circu- 
lation within  a  house  obeys  strictly  physical  laws,  so  does  the  far 
larger  circulation  over  the  earth.  There  is  no  mystery  about  it — or 
rather,  the  mystery  is  that  we  do  not  yet  know  exactly  how  it  operates. 
If  we  knew  in  full  detail  exactly  how  the  laws  of  physics  apply  to  the 
circulation  of  the  atmosphere,  if  we  could  measure  exactly  what  forces 
are  involved  here,  there,  and  elsewhere  all  over  the  earth,  then  we 
could  predict  the  weather  with  much  greater  accuracy  and  much 
farther  in  advance  than  we  do  now. 

Scientists  have  realized  this  for  a  long  time,  but  only  in  recent 
years — since  the  first  World  War,  in  fact — have  they  begun  to  get  a 
picture  of  the  circulation  of  the  atmosphere  that  is  really  compre- 
hensive and  detailed.  At  the  time  of  the  World  War,  the  Norwegians 
and  Swedes,  cut  off  from  outside  reports,  which  are  so  vital  in  weather 
forecasting,  began  trying  to  do  a  more  intensive  job  within  their  own 
limited  territory.  Since  they  could  no  longer  cover  a  wide  area  on 
land  and  sea,  they  went  in  for  intensive  studies  of  wind  flow  and  local 
cloud  forms  and  from  these  deduced  what  happens  in  the  upper  atmos- 
phere. A  brilliant  and  resourceful  group  of  weather  scientists  were 
engaged  in  this  work,  and  as  the  saying  goes,  they  found  out  plenty. 
Present-day  weather  science  is  based  solidly  on  the  idea  that  changes 
in  weather  are  caused  by  the  conflict  of  great,  sweeping  masses  of 
warm  and  cold  air  along  a  "polar  front."  This  idea  stems  directly 
from  the  work  of  the  Norwegian  group,  who  first  glimpsed  the  mag- 
nificent drama  of  the  forces  involved. 

The  discoveries  of  the  Norwegian  school  were  a  great  stimulus  to 
progress  in  weather  science  in  other  countries.     It  is  not  too  much  to 
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say  that  the  modern  theories  about  air  masses  and  the  polar  front, 
together  with  a  number  of  related  theories,  have  given  weather  science 
a  powerful  drive  not  unlike  that  given  to  genetics  by  the  discoveries 
of  Mendel  and  to  the  science  of  nutrition  by  the  discovery  of  vitamins. 
Science  moves  forward  in  spurts,  and  each  spurt  seems  to  be  started 
by  a  great  theoretical  advance  which  serves  as  a  key  to  unlock  a  whole 
series  of  doors  formerly  closed.  Weather  scientists  have  unquestion- 
ably had  such  a  stimulus.  They  are  baffled  by  a  score  of  difficult 
new  problems,  but  they  are  beginning  to  see  their  way  through. 
They  are  no  longer  stagnating  and  marking  time.  The  best  of  them 
are  working  extremely  hard  trying  to  round  out  the  new  knowledge, 
and  they  feel  that  they  are  making  real  progress. 

The  United  States  played  no  small  part  in  building  up  the  new 
knowledge  that  is  on  its  way  to  transforming  weather  science.  In  the 
Massachusetts  Institute  of  Technology,  the  California  Institute  of 
Technology,  and  various  services  connected  with  aviation,  weather 
scientists  vigorously  took  hold  of  the  new  ideas.  In  particular,  they 
emphasized  actual  observations  and  measurements  in  the  upper  air 
rather  than  sheer  reasoning  about  what  happens  up  there;  and  as  a 
result  of  these  observations  and  measurements  they  were  able  to 
work  out  practical  techniques  for  forecasting  based  on  the  new 
knowledge,  and  also  to  make  valuable  additions  to  the  fundamental 
theory. 

The  Department  of  Agriculture  has  had  a  hand  in  advancing  this 
work.  Because  a  better  understanding  of  the  general  circulation  of 
the  atmosphere  and  the  laws  behind  it  is  so  vital  to  modern  weather 
science,  and  especially  to  long-range  forecasting,  which  is  of  particular 
interest  to  agriculture,  the  Department  set  up  a  cooperative  research 
project  with  the  Massachusetts  Institute  of  Technology  in  1937  to 
study  this  subject.  Out  of  this  project  was  developed  the  most 
comprehensive  picture  yet  available  of  the  hows  and  whys  of  atmos- 
pheric circulation  over  the  earth  and  its  relation  to  climate  and 
weather.  This  picture  is  summed  up  in  Rossby's  article  in  this  book. 
The  article  is  semitechnical — too  technical  for  most  general  readers — 
but  it  deals  with  pioneering  work  of  great  importance  to  agriculture. 

Weather  science,  then,  has  left  the  ground  and  gone  up  into  the 
air  where  all  our  weather  comes  from.  The  final  outcome  of  this 
momentous  change  cannot,  of  course,  be  foretold.  Right  now 
weathermen  are  busy  making  their  measurements  in  the  upper  air, 
collecting  data,  going  through  intricate  calculations,  creating  new 
techniques.  Perhaps  a  whole  new  generation  of  weathermen  will 
have  to  be  trained  to  think  in  terms  of  the  new  knowledge  before  it 
can  be  used  to  the  full.  Meanwhile,  forecasting  has  gone  over  to 
the  new  techniques  as  far  as  is  possible  with  limited  equipment, 
observation  points,  and  personnel.  The  work  is  beset  with  diffi- 
culties. For  one  thing,  few  laymen  have  any  idea  of  the  complicated 
mental  juggling  that  is  the  everyday  job  of  the  modern  forecaster; 
he  ^><>ms  to  the  outsider  to  be  trying  to  keep  a  dozen  billiard  balls, 
knives,  and  forks  in  the  air  all  at  once  without  dropping  or  forgetting 
one.  There  is  a  large  job  ahead  merely  to  reduce  this  complication 
to  more  manageable  proportions  by  developing  short  cuts  formulas 
that  include  a  number  of  factors  in  a  single,  inclusive,  usable  equation 
like  those  used  in  engineering. 
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One  very  significant  result  of  the  new  knowledge  of  the  upper  air 
is  the  experiment  now  being  carried  on  in  limited  long-range  fore- 
casting (forecasts  for  a  period  of  5  days).  This  too  was  initiated  by 
the  Department  of  Agriculture  in  cooperation  with  the  Massachusetts 
Institute  of  Technology.  At  the  beginning  of  the  project  a  study 
was  made  of  all  the  serious  efforts  at  long-range  forecasting  based  on 
physical  data  that  have  been  started  in  various  parts  of  the  world 
in  comparatively  recent  times.  Only  a  few  were  found  to  suggest 
methods  of  genuine  value  or  to  give  more  accurate  forecasts  than 
would  result  from  chance  alone.  It  is  impossible  as  yet  to  predict 
the  possibilities  of  long-range  forecasting  beyond  some  such  limited 
range  as  that  now  being  tried.  Weathermen  are  cautious  about 
being  too  optimistic,  but  on  the  other  hand  they  are  certainly  not 
pessimistic.  For  the  farmer,  perhaps  no  one  thing  would  be  more 
valuable  than  ability  to  know  a  year,  a  season,  even  a  month  in  advance 
what  the  weather  conditions  will  be. 

The  distinction  between  climate  and  weather  is  more  or  less  arti- 
ficial, since  the  climate  of  a  place  is  merely  a  build-up  of  all  the  weather 
from  day  to  day  and  the  weather  is  merely  a  day-by-day  break-down 
of  the  climate.  It  seems  to  be  a  useful  distinction,  however,  and 
there  will  probably  continue  to  be  meteorologists  concentrating  on 
the  daily  weather  and  climatologists  concentrating  on  the  longer 
time  range.  Climate  is  of  special  interest  to  agriculture  primarily 
because  it  divides  the  earth  into  zones,  regions,  and  smaller  areas 
each  of  which  is  suitable  for  certain  crops  and  not  suitable  for  others. 

Climatology,  the  branch  of  weather  science  concerned  with  climate, 
feels  the  stirring  of  new  needs  in  addition  to  the  ideas  that  have  had 
such  a  profound  influence  on  weather  science  in  general.  Modern 
soil  conservation  work  furnishes  an  example.  The  conservationists 
are  much  concerned  with  overcoming  the  hazards  of  erosion,  soil 
exhaustion,  floods.  In  many  cases  this  involves  getting  the  right  kind 
of  plant  cover  on  the  land,  permanently,  temporarily,  or  in  rotation 
with  certain  crops.  The  climate  of  an  area  fundamentally  determines 
the  kinds  of  plants  that  can  be  used  there.  This  statement  is  too 
broad  to  be  useful,  however;  it  means  nothing  in  a  particular  case 
until  you  determine  just  what  elements  in  the  climate  affect  the 
plant  and  just  what  the  effects  are. 

Here  the  conservationist  runs  into  difficulties.  Certain  kinds  of 
data  about  climate  have  been  carefully  collected  for  decades — figures 
on  rainfall,  for  instance;  but  when  the  conservationist  or  the  crop 
specialist  tries  to  connect  these  figures  with  the  behavior  of  plants, 
he  finds  that  they  do  not  work.  A  plant  will  thrive  in  one  region 
with  a  certain  amount  of  rainfall  and  fail  miserably  in  another  with 
the  same  amount.  Rainfall  does  not  tell  the  story.  Further  investi- 
gation shows  why.  It  is  not  the  amount  of  rainfall  that  counts  but 
the  amount  of  water  the  plants  can  get.  and  this  depends  on  a  great 
many  things  beside-  the  amount  of  rainfall.  It  depends  on  the 
nature  of  the  soil,  the  amount  of  wind,  the  sunshine  and  cloudiness, 
the  humidity  of  the  air.  the  temperature — above  all.  the  rate  of 
evaporation  and  transpiration,  which  are  affected  by  these  other 
factors.  But  there  are  no  figures  on  evaporation  and  transpiration 
from  the  soil  and  growing  plants,  and  until  recently  there  has  not 
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even  been  any  practicable  way  of  making  the  measurements  necessary 
to  get  the  data. 

There  is  the  same  lack  of  necessary  facts  elsewhere.  Climate,  in- 
cluding; weather,  affects  the  yield  and  quality  of  crops,  the  spread  and 
intensity  of  attacks  by  diseases  and  insects,  and  undoubtedly  the 
well-being  and  performance  of  animals.  But  how  does  it  affect  these 
things?  Some  of  the  ways  are  known,  but  others,  perhaps  even  more 
significant,  can  only  be  guessed  at,  and  still  others  are  probably 
totally  unsuspected.  Our  inability  to  forecast  just  what  will  happen 
to  a  given  crop  as  a  result  of  certain  climatic  and  weather  conditions 
is  evidence  of  our  lack  of  knowledge.  Could  we  not  do  a  better  job 
of  forecasting  if  we  had  the  right  kinds  df  facts  to  begin  with?  No 
amount  of  weather  data  was  of  much  use  in  forecasting  the  prospects 
for  wheat  during  the  coming  season  in  the  Great  Plains.  Then 
someone  hit  on  the  simple  method  of  measuring  the  depth  of  moisture 
in  the  soil  at  planting  time,  and  it  did  the  trick.  There  were  plenty 
of  facts  before  that — but  not  the  right  facts. 

It  should  be  the  job  of  the  climatologists  to  discover  what  facts  are 
needed  to  throw  light  on  a  wide  range  of  agricultural  and  other  prob- 
lems related  to  climate,  and  they  are  eager  to  push  ahead  with  it. 

The  importance  of  this  whole  business  of  climate  and  weather  to 
agriculture  hardly  needs  to  be  emphasized.  Weather  science  is  im- 
portant to  everyone,  but  agriculture  and  navigation  on  the  sea  have 
traditionally  been  the  two  fields  in  which  it  was  most  vital;  hence  the 
long  tie-up  between  the  Department  of  Agriculture  and  the  Weather 
Bureau  in  the  United  States.  Today  it  happens  that  aviation  is 
more  critically  in  need  of  certain  kinds  of  weather  information  than 
any  other  industry;  moreover,  it  operates  in  those  same  upper  levels 
of  the  air  where  the  most  significant  work  in  weather  science  is  now 
being  done.  Largely  for  this  reason,  the  Weather  Bureau  is  now 
officially  connected  with  the  Department  of  Commerce,  the  depart- 
ment most  closely  concerned  with  aviation.  But  advances  in  weather 
science  are  no  less  important  to  agriculture  than  they  were  before. 

Few  occupations  of  man,  in  fact,  involve  such  varied  knowledge  and 
skill  as  farming.  It  looks  simple  to  drop  some  seed  into  the  ground, 
let  it  grow  up  under  the  blessed  influence  of  sun  and  rain,  and  then 
harvest  the  crops.  But  at  least  as  far  back  as  the  days  of  the  Ronuuis, 
men  realized  that  the  business  was  not  so  simple  after  all.  A  Roman 
named  Columella  wrote  a  large  treatise  on  agriculture  in  which  he 
summed  up  the  best  knowledge  of  his  time-  and  it  was  by  no  means 
simple  even  then.  In  the  2,000  years  since  then,  it  has  not  become 
any  simpler. 

Today  a  comparative  handful  of  able  or  successful  farmers  are 
required  to  feed  all  the  rest  of  the  population,  and  this  vast  under- 
taking would  be  impossible  without  the  aid  of  science.  Indeed,  it  car 
hardly  be  said  any  longer  that  science  aids  agriculture;  rather,  agri- 
culture under  modern  conditions  is  itself  i\  science,  and  one  with  many 
complicated  and  indispensable  divisions.  Whether  he  knows  it  con- 
sciously or  not,  the  modern  farmer  constantly  uses  the  results  of 
research  in  genetics,  soil  science,  the  science  of  nutrition,  medicine 
(including  physiology,  bacteriology,  and  parasitology),  entomology, 
plant  pathology  (the  medical  science  of  the  planl  world),  engineering, 
weather  science,  and  many  others.  They  nil  have  nn  intensely  prac- 
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tical  bearing  on  his  everyday  work  with  soils,  crops,  and  herds. 
Moreover,  the  farmer  cannot  stop  with  these  so-called  natural 
sciences.  He  must  also  know  how  to  gear  his  operations  into  a  market 
affected  in  a  hundred  ways  by  the  complications  of  modern  industry, 
commerce,  and  government.  He  is  forced  to  form  and  act  on  judg- 
ments about  social  institutions  and  economic  and  political  events  in 
his  own  country  and  in  other  countries,  because  these  things,  too,  have 
a  direct  practical  bearing  on  his  affairs. 

In  our  modern  society  each  group  does  a  particular  kind  of  work  for 
all  the  other  groups.  Each  must  do  a  very  efficient  job  in  its  own 
field  or  "gum  up  the  whole  works."  Each  group  must  also  learn  to 
understand  and  cooperate  fully  with  all  the  other  groups.  From  one 
standpoint,  this  staggering  job  can  be  considered  the  penalty  of  a 
high  degree  of  specialization.  But  looked  at  in  another  way,  it  is  a 
great  opportunity  to  build  a  superb  civilization. 

SUMMARY  OF  THE  YEARBOOK 

The  book  is  divided  into  five  parts. 

Part  1,  Climate  as  a  World  Influence,  gives  some  of  the  evidence 
concerning  long-time  changes  in  climate  during  the  history  of  the 
earth;  tells  how  climate  divides  the  world  into  regions  that  have 
different  kinds  of  natural  vegetation  and  soils  and  different  types  of 
agriculture;  and  describes  the  operation  of  the  Nation-wide  weather 
service  in  gathering  information  about  weather  and  climate  and 
putting  it  to  many  vital  uses,  particularly  the  making  of  forecasts. 

Part  2,  Climate  and  Agricultural  Settlement,  tells  about  the  part 
climate  has  played  in  the  lives  of  those  who  peopled  the  United  States 
and  its  territories,  shaping  their  agriculture  and  their  ways  of  doing 
things  in  each  major  climatic  region.  Fortunately,  as  Carl  O.  Sauer 
has  shown,  the  original  settlers  came  from  regions  in  Europe  with 
climatic  conditions  not  too  unlike  those  they  found  in  the  eastern  and 
midwestern  parts  of  the  United  States,  so  that  they  could  adapt  their 
native  customs,  which  in  turn  had  been  strongly  influenced  by  the 
climates  they  knew  back  home,  to  the  new  land.  This  section  of  the 
book  ends  with  two  contributions  on  climate  and  health — one  of  the 
continuing  problems  of  people  who  live  in  any  climatic  region. 

Part  3.  Climate  and  the  Farmer — the  longest  section  in  the  first 
half  of  the  book — deals  in  considerable  detail  with  the  effects  of 
climate  and  weather  on  each  of  the  major  and  many  of  the  minor 
crops  produced  by  farmers  in  the  United  States,  and  in  addition  takes 
up  problems  of  livestock  production,  soils,  forestry,  plant  diseases, 
insects,  and  animal  parasites  in  relation  to  climate.  It  is  very 
evident  from  these  articles  that  climate  is  not  something  the  farmer 
accepts  passively.  He  constantly  works  to  take  advantage  of  favor- 
able elements  and  counteract  unfavorable  ones,  and  much  of  our 
modern  agricultural  science  has  a  direct  bearing  on  this  effort. 

Part  4,  The  Scientific  Approach  to  Climate  and  Weather,  takes  up 
the  problem  of  floods  and  flood  forecasting  and  discusses  land  use 
practices  in  relation  to  flood  control,  tells  how  our  daily  weather  fore- 
casts are  made,  and  finally  gives  a  resume  of  the  present  state  of  our 
knowledge  of  the  physical  forces  back  of  the  whole  range  of  weather 
phenomena. 
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Part  5,  Climatic  Data,  prepared  under  the  direction  of  J.  B.  Kincer, 

includes  a  wealth  of  facts  about  climate  and  weather  in  the  United 
States,  with  special  relation  to  agriculture.  The  material  is  so 
arranged  that  farmers  practically  anywhere  in  the  country  should  be 
able  to  find  the  pertinent  facts  about  their  own  locality  or  one  nearby. 
The  section  has  several  main  divisions.  (1)  First  there  is  some  selected 
material  on  climate  in  other  parts  of  the  world.  (2)  Next  there  is 
a  set  of  maps  covering;  weather  and  climate  throughout  the  United 
States.  These  give  data  on  temperature  at  different  times  of  the 
year,  precipitation  and  droughts,  snowfall,  thunderstorms,  hail, 
relative  humidity,  fog.  sunshine,  cloudiness,  dates  of  killing  frost, 
length  of  growing  season,  depth  of  frost  penetration.  (3)  Next,  data 
are  given  for  the  individual  States.  The  material  for  each  State 
includes  tables  on  precipitation,  temperature,  and  frost  for  at  least 
one  station  in  every  county  where  official  observations  are  made; 
additional  frost  tables  designed  to  show  conditions  in  more  detail  for 
certain  selected  stations;  a  set  of  seven  maps  giving  temperature, 
precipitation,  and  frost  data  in  graphic  form;  and  brief  supplementary 
notes  on  the  climate  of  the  State.  (4)  Finally  there  are  tables  giving 
for  Alaska.  Hawaii,  and  Puerto  Rico  the  same  information  given  for 
the  States. 

PART  1.  CLIMATE  AS  A  WORLD  INFLUENCE 
Climatic  Change  Through  the  Ages 

The  history  of  the  earth  can  be  traced  back  some  billion  and  a  half 
years  by  geologists.  Suppose  we  imagine  this  vast  period  as  a  single 
year  of  time — imagine  that  a  billion  and  a  half  years  ago  it  was 
January  1,  the  present  moment  is  the  stroke  of  midnight  on  December 
31,  and  the  entire  history  has  been  telescoped  into  the  365  days 
between. 

During  practically  the  whole  of  that  year,  according  to  geologic 
evidence,  the  climate  of  the  earth  was  much  more  genial  and  uniform 
than  it  is  today.  It  was  as  though  the  earth  were  experiencing  a 
long  succession  of  balmy  summer  days.  Toward  the  end  of  April 
(millions  of  years  ago,  of  course),  there  was  a  brief,  severe  cold  snap 
lasting  a  matter  of  hours  on  our  condensed  time  scale — actually,  an 
ice  age.  In  the  latter  part  of  August  there  was  another  cold  snap; 
still  another  around  the  middle  of  November;  a  somewhat  less  severe 
one  about  the  middle  of  December;  and  finally  another  severe  one 
beginning  along  toward  this  evening,  December  31. 

In  our  condensed  time  scale,  man  appeared  on  earth  about  (i  hours 
ago,  around  suppertime  on  December  31,  and  he  began  to  keep  his- 
torical records  of  his  activities  about  1  minute  and  12  seconds  before 
midnight.  Thus  he  came  here  in  an  ice  age,  and  he  has  never  known 
any  other  kind  of  climate.  But  the  fact  is  that  all  of  the  ice  age-  put 
her  have  lasted  only  about  3  days  out  of  the  year  on  our  time 
scale. 

Human  beings,  then,  have  Been  only  the  more  violent  moods  of  the 
earth.  They  were  not  here  during  the  immense  stretches  of  time  when 
it  waa  comparatively  quiet  and  peaceful. 

The  long  periods  of  climatic  geniality     never  known  by  man      are 
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called  "normal"  times  by  the  geologist;  the  brief  intervals  of  com- 
parative violence  are  called  revolutions.  Two  outstanding  features, 
Russell  points  out,  characterize  the  revolutions.  (1)  There  is  unrest 
in  the  crust  of  the  earth — earthquakes,  volcanoes,  an  upthrusting  of 
high  mountains,  extensive  deserts,  retreat  of  the  oceans.  We  are 
now  in  a  period  of  as  violent  crustal  unrest  as  the  earth  has  ever  seen. 
For  example,  325  volcanoes  are  now  active.  (2)  There  are  ice  caps — 
frozen  seas — in  the  polar  regions,  and  sometimes  the  ice  extends,  in 
the  form  of  glaciers,  far  down  over  the  normally  warmer  parts  of  the 
earth.  Out  of  these  icy  regions  sweep  cold  winds;  stormy  battles 
occur  where  cold  and  warm  air  masses  meet;  there  are  violent  changes 
from  day  to  day  and  season  to  season,  and  the  contrast  is  strong 
between  hot  equatorial  latitudes  and  those  toward  the  Poles.  In 
"normal"  times,  on  the  other  hand,  the  earth's  crust  is  quiet,  its 
surface  is  more  level,  oceans  are  more  extensive  and  warmer,  and 
there  are  open,  unfrozen  seas  around  the  Poles.  Over  the  earth,  the 
climate  is  more  like  that  in  maritime  regions  today — not  so  hot  around 
the  Equator,  much  less  cold  toward  the  Poles,  much  less  variable 
from  day  to  day  and  season  to  season. 

The  key  to  the  climatic  difference  between  normal  and  revolutionary 
times,  Russell  holds,  is  the  existence  of  the  polar  ice  cap.  During  all 
times,  normal  or  revolutionary,  climate  obeys  the  same  physical  laws, 
set  by  the  nature  of  the  earth  as  a  rotating  ball  with  an  inclined  axis, 
moving  around  the  sun  and  surrounded  by  an  atmosphere.  But  the 
difference  between  polar  ice  and  no  polar  ice  is  very  great  over  the 
whole  earth.  Yet  the  balance  between  the  two  conditions  is  delicate. 
"A  rise  of  2°  F.  in  the  temperature  of  the  earth  now  would  be  sufficient 
to  clear  polar  seas  of  all  ice."  We  would  then  be  living  in  a  "normal" 
climate. 

What  starts  the  formation  of  polar  ice  in  the  first  place?  Russell 
does  not  say  specifically,  but  he  thinks  it  is  probably  an  indirect  result 
of  the  crustal  unrest  of  revolutionary  periods.  What  causes  the  crustal 
unrest?    The  true  explanation  is  yet  to  be  discovered. 

Our  interest  in  the  normal  times  that  existed  long  before  we  came 
on  earth  is  theoretical.  We  have  a  strong  practical  interest  in  glacial 
ages,  however,  because  we  live  in  one.  Such  ages  are  marked  by 
periods  of  advance  and  retreat  of  the  ice.  We  are  now  living  in  a 
period  of  ice  retreat.  It  may  be  the  beginning  of  the  end  of  the  present 
ice  age,  though  the  evidence  rather  indicates  that  the  retreat  is  tem- 
porary. Temporary  retreats  during  past  glacial  epochs  have  brought 
the  earth  much  nearer  to  a  normal  climate  than  it  is  now.  Consid- 
erable evidence  exists  to  show  that  in  our  ice  age  there  have  been 
five  major  stages  of  advance  of  the  ice  and  five  major  retreats.  During 
the  maximum  advance,  the  ice  extended  as  far  south  as  New  York 
City  and  the  Ohio  and  Missouri  Rivers  in  the  eastern  half  of  the 
United  States. 

There  are  various  kinds  of  evidence  available  for  tracing  climatic 
history  since  the  last  great  ice  advance.  For  the  early  part  of  the 
period  there  is  chiefly  the  evidence  of  rocks  and  the  fossil  remains  of 
ancient  life.  Further  along  in  the  period,  it  is  possible  to  count 
verves  annual  layers  of  clay  and  silt  deposited  in  lakes.  Each  varve 
has  a  summer  zone  and  a  winter  zone,  and  much  is  revealed  by  the 
thickness  of  the  layer  and  the  character  of  the  material.     An  incom- 
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plete  varve  chronology  in  North  America  goes  back  about  28,000 
years.  Tree  rings  also  give  evidence  of  climatic  peculiarities  in  indi- 
vidual years.  The  succession  of  plant  types  in  peat  bogs  indicates 
that  there  have  been  several  climatic  waves  during  the  past  30,000 
to  35,000  years.  .  Bones  of  animals  tell  a  similar  story.  Tools  and 
weapons  left  by  early  man  testify  to  migrations  that  depended  on  the 
extent  of  glaciers.  Finally,  about  7,000  years  ago,  records  of  various 
kinds  began  to  be  kept,  and  from  these  it  is  possible  to  reconstruct 
the  state  of  the  earth,  dimly  at  first,  but  with  increasing  clarity. 

From  all  these  types  of  evidence,  Russell  pieces  together  the  story 
of  climatic  change  in  the  Northern  Hemisphere  from  about  35,00*0 
years  ago  until  the  middle  of  the  nineteenth  century,  when  mountain 
glaciers  began  retreating  after  an  advance  that  had  begun  toward  the 
end  of  the  eighteenth  century.  The  record  is  spotty  and  scattered, 
and  on  any  large  scale  the  more  recent  changes  indicated  are  com- 
paratively slight;  yet  they  have  been  significant  in  shaping  history 
through  their  influence  on  the  activities  of  man. 

Modern  meteorology,  made  possible  by  the  use  of  instruments, 
began  only  about  the  middle  of  the  nineteenth  century.  Instrumental 
records  are  still  comparatively  meager,  but  climatic  change  can  be 
studied  from  now  on  with  an  accuracy  and  a  detail  not  before  possible. 

Russell  finds  no  adequate  evidence  of  recurring  climatic  cycles; 
there  is  no  proof  that  short-time  climatic  changes,  at  least,  are  any- 
thing more  than  matters  of  chance.  Of  the  many  theories  that  have 
been  advanced  to  account  for  long-time  changes,  especially  the  occur- 
rence of  glacial  epochs,  he  discusses  several  briefly — changes  in  the 
angle  of  the  ecliptic  (the  inclination  of  the  earth's  axis),  precession  of 
the  equinoxes  (a  cycle  occurring  every  26.000  years),  variations  in  the 
sun's  radiant  energy  as  indicated  by  sunspots,  changes  in  the  atmos- 
phere that  might  affect  the  amount  of  radiant  energy  reaching  the 
earth,  changes  in  the  amount  of  carbon  dioxide  in  the  atmosphere, 
volcanic  dust.  In  most  cases,  he  concludes,  the  cause  suggested  is 
not  adequate  to  produce  the  effect,  or  there  are  other  serious  objections 
to  the  theory. 

The  size  of  continents  and  oceans  and  the  elevation  of  mountains, 
on  the  other  hand,  have  a  profound  influence  on  climate,  as  we  know 
from  present-day  evidence;  and  these  are  the  very  things  that  are 
most  profoundly  affected  by  crustal  revolutions.  Russell  concludes 
that  these  revolutions  somehow  produce  the  glacial  epochs  brief 
periods  when  all  life  on  earth  is  tested  to  the  utmost  and  has  to  adapt 
itself  to  new  conditions  or  perish. 

Essentially,  the  central  problem  of  Russell's  article  is  the  effect  of 
the  earth  upon  climate — especially  the  influence  of  an  enormous  cold 
source,  a  supergigantic  cake  of  ice.  which  ha-  formed  occasionally  in 
the  course  of  a  billion  and  a  half  years  at  each  of  the  Poles,  lasted  for 
a  while,  and  vanished. 

Climate  and  the  World  Pattern 

Blumenstock  and  Thornthwaite,  on  the  other  hand,  arc  concerned 

with  the  effects  of  climate  on  the  earth.    They  describe  a  great  climatic 

pattern  made  by  moisture  and  dryness,  heat  and  cold.     This  in  turn 

reated  a  pattern  of  natural  vegetation,  and  both  together  have 
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been  the  principal  forces — though  not  the  only  ones — in  creatine:  the 
general  pattern  of  soils. 

The  forces  that  make  the  world's  climate  what  it  is  are  discussed 
briefly  by  the  authors,  and  at  greater  length  elsewhere  in  this  book. 
They  result  in  eight  major  climatic  divisions.  Five  of  these  are  in 
regions  where  the  prevailing  temperatures  are  hot,  warm,  or  cool,  so 
that  moisture,  not  temperature,  is  the  chief  factor  affecting  plant 
growth.  These  five  divisions,  then,  are  classified  on  the  basis  of 
moisture  as  (A)  superhumid — very  moist,  (B)  humid — moist,  (C) 
subhumid — inclined  to  be  dry,  (D)  semiarid — quite  dry,  (E)  arid — 
very  dry.  The  three  additional  divisions  occur  where  the  prevailing 
temperature  is  cold  enough  so  that  it,  rather  than  moisture,  is  the 
chief  factor  affecting  plant  growth.  These  divisions  are  (D')  the 
cold  regions  called  taiga  after  the  dominant  vegetation,  (E')  the  very 
cold  regions  called  tundra,  also  after  the  dominant  vegetation,  and 
(F')  the  regions  of  perpetual  frost. 

It  should  be  noted  that  total  rainfall  is  not  the  sole  factor  in  de- 
termining the  moisture  divisions.  Thornthwaite  makes  them  on  the 
basis  of  what  is  called  effective  precipitation — the  amount  of  moisture 
that  remains  in  the  soil  long  enough  to  be  available  for  plant  growth. 
In  general,  effective  precipitation  is  the  difference  between  the  amount 
of  water  that  falls  as  rain  or  snow  and  the  amount  that  runs  off 
from  the  surface  or  is  evaporated  too  quickly  to  be  of  use  to  plants. 
Since  the  rate  of  evaporation  depends  primarily  on  temperature,  the 
climatic  divisions  really  represent  a  combination  of  rainfall  and 
temperature,  worked  out  according  to  simple  mathematical  formulas. 

It  is  the  distribution  of  these  climatic  provinces  over  the  earth 
that  makes  the  climatic  pattern. 

Superhumid  (A)  climates  are  in  equatorial  regions  (Central  America, 
for  example),  and  also  in  high  middle  latitudes  on  west  coasts — as  in 
coastal  Oregon,  Washington,  and  British  Columbia.  At  the  other 
moisture  extreme,  the  arid  (E)  climates  occur  on  the  west  coasts  of 
continents  in  low  middle  latitudes — as  in  southern  California — and 
extend  as  great  lobes  or  tongues  into  continental  interiors,  as  in 
Arizona,  Nevada,  Utah. 

Between  these  extremes  lie  the  other  three  moisture  divisions. 
Next  to  the  superhumid  are  the  humid  (B)  climates,  occupying  ex- 
tensive areas  in  the  Tropics  and  also  in  the  middle  latitudes,  as  in 
the  eastern  and  northwestern  United  States.  Next  to  them  are  the 
subhumid  (C)  climates,  as  in  our  Central  States.  The  semiarid  (D) 
climates  form  broad  belts  around  the  arid  deserts,  as  in  the  western 
United  States. 

The  cold  taiga  (D')  and  the  very  cold  tundra  (E')  climates  cover 
large  areas  northward  in  our  hemisphere — as  in  Canada.  Around 
the  Pole  is  the  climate  of  perpetual  frost  (F').  The  last  three  climates 
also  occupy  limited  areas  on  high  mountains. 

Although  the  examples  mentioned  are  all  in  North  America,  these 
climates  are  found  in  the  same  relative  positions  on  other  continents. 
The  boundaries  between,  divisions  shift  somewhat  from  year  to  year, 
and  the  shifts  are  often  extremely  important  for  agriculture. 

The  pattern  of  natural  vegetation  depends  on  the  fact  that  each 
climatic  region  has  a  characteristic,  dominant  group  of  plants,  built 
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up  by  thousands  of  years  of  adaptation  to  a  particular  set  of  moisture 
and  temperature  conditions. 

The  superhumid  climates  nourish  the  dense  growth  called  rain 
forest.  In  the  humid  climates,  with  somewhat  less  moisture,  forests 
occupy  the  land.  Tall  prairie  grasses  arc  dominant  in  the  subhumid 
regions  where  there  is  too  little  moisture  for  forests.  In  the  -till 
drier  semiarid  region-,  short  grasses  grow,  making  plains  or  steppes. 
In  the  arid  regions  there  are  desert  grasses  and  shrubs  adapted  t<> 
very  little  moisture.  Taiga  is  the  name  applied  to  the  coniferous 
forests  (mostly  spruce  and  fir  that  cover  cold  regions.  Where  it  is 
still  colder,  only  mosses  and  lichens  and  some  stunted  trees  (tundra) 
can  grow.  In  the  climate  of  perpetual  snow  and  ice.  there  is  no 
vegetation. 

Climate  and  vegetation  play  the  largest  part  in  making  the  broad 
soil  pattern  of  the  earth,  though  locally  other  factors  may  be  more 
important.  For  example,  the  kind  and  amount  of  organic  matter 
available  for  soil  building  depends  on  the  prevailing  vegetation.  Its 
rate  of  decay,  and  also  the  rate  of  chemical  change  in  the  soil,  depends 
on  temperature  and  moisture.  Whether  chemicals  are  leached  out  of 
the  upper  soil  layers  and  where  and  how  they  accumulate  lower  down. 
depend  on  moisture.  The  character  of  a  given  soil  depends  on  a 
combination  of  these  effects. 

There  are  two  very  broad  soil  divisions — in  moist  climates,  the 
Pedalfers.  characterized  by  the  leaching  of  minerals  out  of  the  upper 
layers  and  by  a  moderate  amount  of  generally  acid  humus  from  the 
prevailing  forest  cover:  in  dry  climates,  the  Pedocals.  characterized 
by  less  leaching,  an  accumulation  of  lime  below  the  surface,  a  greater 
abundance  of  humus  from  the  grass  cover  (except  in  arid  regions  >, 
and  a  less  acid  or  even  a  neutral  or  alkaline  reaction. 

These  two  major  divisions  in  turn  can  be  subdivided  into  groups 
characteristic  of  each  climatic  region.  In  the  superhumid  and  humid 
climates,  the  Pedalfers  include:  (1)  Lateritic  soils  in  the  Tropics, 
where  heat  favors  rapid  decomposition  of  organic  matter  (lateriza- 
tion).  making  the  soil  rather  low  in  productivity.  (2)  Red  and 
Yellow  Podzolic  soils  in  the  wetter  and  hotter  parts  of  the  humid 
regions — as  in  our  Southeast.  These  soils  are  also  laterized.  but  they 
are  less  acid  and  more  fertile  than  the  first  group.  (3)  Gray-Brown 
Podzolic  soils  in  the  parts  of  the  humid  regions  with  less  heat — as  in 
much  of  our  Northeast.  These  arc  rather  acid  soil-  formed  under 
deciduous  and  mixed  forests.  (4)  Podzol  soils  in  still  colder  humid 
regions — as  in  our  extreme  Northeast.  Formed  under  coniferous 
forests,  these  soils  are  very  acid.  (5'  Prairie  soils,  formed  under 
tall  irrass  in  the  eastern,  more  humid  part  of  the  Corn  Belt — almost 
as  fertile  as  the  Chernozems,  into  which  they  merge  toward  the 

The  Pedocals,  characteristic  of  the  drier  climates  include:  (1) 
Chernozems  in  the  subhumid  region-  a-  in  the  western  pari  of  our 
Corn  Belt.  Formed  under  tall  grass,  these  soils  have  a  deep-buried 
layer  of  accumulated  lime,  very  slight  acidity,  high  organic-matter 
content,  and  high  fertility.  (2)  Chestnut  and  Brown -oils  in  the  semi- 
arid  regions — as  in  our  High  Plains.  These  soil-,  formed  under  short 
grass  and  with  less  moisture,  are  neutral  or  -liirl 1 1 1  \  alkaline  in  reaction, 
and  the  lime  layer  i-  not  far  below  the  surface  (3  Sierozems  and 
Desert  soils  in  the  arid  regions     as  in  the  Great  Basin  and  the  South- 
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west.  There  is  little  organic  matter  in  these  soils,  and  the  small 
amount  of  rainfall  leave-  the  lime  Layer  at  or  near  the  surface. 

The  taiga  has  very  acid  Podzol  soil-  formed  under  coniferous  forest. 
Under  rhe  mosses  and  lichens  of  the  tundra  are  waterlogged  soils 
underlain  at  greater  or  less  depth  by  ground  That  never  thaws.  Xo 
differentiated  -oils  have  been  able  to  develop  in  the  regions  of  per- 
petual frc  - 

The  three  broad  patterns  of  climate,  vegetation,  and  soil  can  now 
be  riven  side  by  side: 
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Soil  erosion  is  also  markedly  related   to  climate.     Under  natural 

conditions,  there  is  a  bo  lance  between  the  forces  of  destruction  and 
those  of  maintenance.  For  example,  maximum  erosion  ocelli's  in 
regions  of  high  rainfall,  but  there  is  also  the  maximum  amount  of 
vegetation  to  prevent  it.  In  drier  regions  there  is  less  protective 
vegetation  but  also  less  erosion.  The  gently  rolling  country  charac- 
teristic of  warm,  humid  climates  is  itself  a  product  of  the  wearing- 
down  of  erosion.  In  cold  regions  and  in  arid  regions  where  there  is 
little  erosion,  hills  are  sharp  and  slopes  abrupt. 

Removing  vegetation  and  cultivating  the  land  upsets  the  natural 
balance  and  tends  to  speed  up  erosion  without  at  the  same  time 
speeding  up  soil-forming  processes.  There  are  then  characteristic 
hazards  in  each  climatic  region.  In  superhumid  regions,  the  high 
rainfall  favors  gullying,  sheet  washing,  trenching,  siltation.  In  the 
humid  regions,  th  diving  and  sheet  washing  where  rainfall  is 

highest — that  is.  toward  the  Equator.  Farther  away  from  the 
Equator,  this  kind  of  erosion  is  less  likely  to  occur  because  of  the  longer 
period  during  which  the  ground  is  frozen  and  covered  by  snow:  but 
snow  and  deforestation  increase  the  hazard  of  floods,  and  heaving 
produced  by  frost  favors  mass  movement  of  soil  down  slopes.  In 
subhumid  regions  there  is  not  much  risk  of  gullying  and  sheet  washing 
because  the  soil,  rich  in  organic  matter,  can  absorb  a  great  deal  of 
water:  but  drought  becomes  a  hazard,  depleting  vegetation,  altering 
soil  structure,  and  making  the  soil  susceptible  to  erosion  by  rain. 
miarid  reg  -  ropping  exposes  the  soil  to  erosion  by  wind,  and 
3es  it  to  gullying  and  sheet-wash  by  running  water. 

In  addition  to  the  three  great  natural  patterns  discussed,  there  is  a 
fourth  imposed  on  the  earth  by  man — the  pattern  of  agriculture. 
This  too   s  v  subject  to  climatic  influences,  including  the  erosion 

hazards  already  mentioned.     Man  can  and  does  varv  the  agricultural 
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pattern  considerably  within  climatic  limits,  however,  according  to  his 
culture,  habits,  and  needs.  As  a  single  example,  consider  Chernozem 
soils  in  subhumid  regions.  In  India  they  are  used  for  raising  cotton; 
in  Africa,  for  grazing  cattle;  in  the  United  States,  for  commercial 
wheat  farming  and  cotton  production. 

In  our  modern  industrial  civilization,  land  that  was  or  might  have 
been  used  for  subsistence  farming  is  divided  into  highly  specialized 
areas  each  devoted  to  one  or  a  few  crops  produced  on  a  commercial 
scale.  In  general,  each  area  is  especially  suited  by  climate  and  soil 
to  produce  what  it  does.  Sometimes,  however,  climate  is  not  ade- 
quately considered,  and  the  result  is  often  failure  of  crops,  of  land,  of 
human  beings.  This  is  notably  true  where  cultivation  is  pushed  out 
into  areas  that  are  climatically  risky  for  crop  production — as  in  parts 
of  our  semiarid  West.  It  is  possible  to  prevent  this  kind  of  failure  by 
taking  the  climate  fully  into  account. 

The  How  and  Why  of  Weather  Knowledge 

Like  the  postal  service,  the  weather  service  is  a  governmental 
function  for  the  benefit  of  everyone  and  an  indispensable  one  in  our 
complex  modern  civilization.  Production  and  communication  today 
are  divided  into  an  immense  number  of  specialized  compartments. 
In  each  compartment  comparatively  few  workers  perform  vital 
services  for  all  the  rest  of  the  population;  a  few  citrus  growers,  for 
instance,  supply  130  million  people  with  oranges  and  grapefruit. 
The  separate  compartments  are  closely  dependent  on  one  another — 
those  citrus  growers,  for  example,  on  transportation  interests,  on 
buyers  in  big  cities,  on  manufacturers  of  spray  materials.  Any  upset 
or  interruption  at  one  point  throws  a  mass  of  related  activities  out 
of  gear. 

One  of  the  greatest  upsetters  and  interrupters  of  human  plans  and 
activities  is  climate,  including  weather;  it  must  constantly  be  taken 
into  account  in  the  calculations  of  agriculture  and  industry  if  smooth 
operation  is  to  be  achieved.  Hence  the  pressure  in  modern  times  for 
a  more  and  more  elaborate,  refined,  and  accurate  weather  service. 
Much  depends  on  it. 

Superficially,  the  weather  service  has  not  changed  much  for  many 
years;  we  get  the  same  daily  weather  reports  and  maps  we  have  been 
accustomed  to.  But  under  the  surface,  as  Reichelderfer  shows,  it 
has  been  going  through  something  of  a  revolution  not  evident  to  the 
public.     This  revolution  is  in  the  science  of  meteorology  itself. 

During  the  World  War,  Norway  was  cut  off  from  outside  weather 
reports,  and  this  crippled  forecasting  in  that  small  country.  To 
make  up  for  the  loss,  the  able  and  vigorous  Norwegian  School  of 
meteorologists  began  to  do  a  more  intensive  job  within  their  own 
holders.  Studying  especially  what  occurs  along  the  boundary  be- 
tween warm,  moist  air  currents  from  the  south  and  cold,  dry  currents 
from  the  north,  they  found  that  an  actual  air  battle  on  a  gigantic 
scale  goes  on  along  this  front.  Their  discoveries  proved  to  be  the 
key  to  some  of  the  most  important  aspects  of  weather.  With  further 
study,  these  discoveries  were  elaborated  into  the  present-day  "polar 
front"  theory  and  "air  mass  analysis"  methods  for  analyzing  vasi 
iiia>s('v  of  air  and  their  movements  and  changi 
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Hitherto  meteorologists  have  worked  largely  from  observations 
of  conditions  at  or  near  the  ground.     Now  they  study  the  upper  air 

as  well primarily,  in  fact — and  the  more  they  find  out  about  it,  the 

better  they  understand  the  mysteries  of  weather. 

Meteorologists  in  the  United  States  have  been  responsible  for  some 
very  significant  extensions  and  applications  of  the  new  methods.  In 
particular,  they  have  taken  these  methods  out  of  the  realm  of  theory 
into  that  of  everyday  practice,  using  first-hand  measurements  of 
upper-air  conditions  instead  of  merely  making  deductions  about  them. 
Potent  tool  in  this  work  is  a  new  invention,  the  radiosonde — an  un- 
canny little  device  that  goes  10  miles  up  attached  to  a  balloon,  sends 
back  radio  signals  telling  what  the  pressure,  temp  era  ture,  and  hu- 
midity are  up  there,  and  then  floats  back  to  earth  by  way  of  a  small 
parachute.  The  first  practical  system  of  radiosonde  observations — 
30  stations  altogether — was  established  by  the  Weather  Bureau  as 
recently  as  1938.  Kites  and  balloons  are  also  used  for  upper-air 
soundings. 

This  whole  development  has  given  present-day  meteorology  a  new 
direction  and  a  new  stimulus.  It  is  only  at  its  beginning  and  it  has 
other  aspects  not  touched  on  here.  There  is  little  doubt  that  out  of 
it  will  come  important  changes  in  weather  forecasting.  Eventually, 
a  close  radiosonde  network  over  lands  and  oceans  might  practically 
replace  surface  observations  for  use  in  preparing  the  daily  weather 
map,  giving  a  vastly  improved  picture  of  the  atmospheric  conditions 
that  spell  weather. 

One  of  the  significant  results  of  the  new  development  so  far  is  the 
5-day  forecast,  now  issued  by  the  Weather  Bureau  every  Tuesday 
and  Friday  on  an  experimental  basis.  The  possibilities  for  long-range 
forecasting — which  would  be  of  immense  value  to  agriculture — begin 
to  look  a  little  better  now  than  they  ever  have  before. 

Fundamentally,  weather  forecasting  depends  on  what  is  called 
synoptic  meteorology.  (The  word  "synoptic"  simply  means  a  bird's- 
eye  view.)  This  is  the  way  a  daily  forecast  is  made:  Promptly  at 
7:30  a.  m.,  eastern  standard  time,  observers  at  the  weather  stations 
that  pepper  the  United  States  send  their  reports  on  local  conditions  to 
the  central  district  offices.  As  the  messages  pour  in,  beginning  about 
8  o'clock,  they  are  immediately  decoded,  and  the  data  are  entered  on 
charts  showing  such  conditions  as  surface  weather,  atmospheric  pres- 
sure trends,  winds  aloft,  and  pressure,  temperature,  and  moisture  at 
various  levels  aloft.  Within  three-quarters  of  an  hour — by  8:45 — 
most  of  the  mapping  and  charting  is  done.  The  forecaster  meanwhile 
has  begun  his  job  of  studying  upper-air  charts  and  surface  weather, 
identifying  air  masses,  sketching  fronts  and  pressure  lines,  working  out 
atmospheric  formations,  and  estimating  rates  of  movement,  character- 
istics, and  interactions  of  air  masses.  Out  of  this  mass  of  complicated 
material  and  welter  of  calculations,  he  works  out  his  picture  of  what  the 
weather  in  his  district  will  be.  He  has  to  work  fast,  too;  his  forecast 
is  usually  sent  out  by  10:15. 

The  information  used  by  the  district  forecasters  comes  from  315 
first-order  weather  stations,  equipped  for  complicated  and  detailed 
observations.  Climatological  bulletins,  on  the  other  hand,  are  pre- 
pared from  the  observations  of  some  5,000  voluntary  cooperators  who 
serve   without   pay    and   furnish    accurate    but    simpler   data.     The 
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dense  network  of  cooperators  makes  it  possible  to  keep  records  of 
local  conditions  that  are  invaluable  in  the  study  of  climate  in  relation 
to  crops,  land  utilization,  erosion,  aeronautics,  and  other  fields. 
Such  a  network  is  necessary  because  one  of  the  most  significant 
facts  about  climate  and  weather  is  that  there  are  great  differences 
within  relatively  small  areas. 

In  addition  to  the  daily  forecast  sent  out  by  radio  and  telephone 
and  through  the  press,  there  are  the  daily  weather  map  and  daily 
reports  and  bulletins.  Weekly,  monthly,  and  annual  summaries  are 
published.  Much  special  work  is  done  in  connection  with  such  serv- 
ices as  frost  warnings  in  fruit  and  vegetable  regions,  erop-weathei 
advices  in  the  cotton,  corn,  and  wheat  belts,  specialized  reports  for 
aviation,  storm  warnings  along  the  coasts,  flood  forecasts.  In  an 
infinite  number  of  ways  this  information  is  used  not  only  by  agri- 
culture, industry,  business,  and  the  professions,  but  by  every  citizen 
in  such  commonplace  daily  decisions  as  whether  to  wear  his  rubbers, 
put  antifreeze  in  the  automobile  radiator,  or  lay  in  a  ton  of  coal. 

Three  factors  are  of  prime  importance  in  this  work.  (1)  Observa- 
tions must  be  accurate,  adequate,  and  uniform.  (2)  Interpretation 
and  forecasting  must  be  done  by  thoroughly  trained  technicians. 
Adequate  weather  forecasting  is  a  complicated  and  difficult  job,  not 
only  because  it  is  so  highly  technical  but  because  so  many  different 
factors  must  be  kept  in  the  mind  and  weighed  at  one  time.  (3) 
There  must  be  a  system  of  constant  follow-up  observations  so  that 
forecasts  can  be  modified  as  later  information  is  received.  In  weather 
work  continuous  vigilance  is  peculiarly  the  price  of  success  because 
changes  can  occur  so  rapidly. 

Few  people  understand  the  disciplines  and  technicalities  involved 
in  this  work.  Many,  for  example,  continue  to  have  faith  in  almanac 
forecasting,  which  attempts  to  foretell  the  future  by  using  the  climatic 
records  of  past  years.  If  the  weather  service  were  better  understood 
by  the  public,  better  use  could  be  made  of  it. 

Scientific  weather  forecasting  has  certain  limitations.  The  public 
demands,  for  instance,  that  a  forecast  be  expressed  as  nearly  as  pos- 
sible in  one  word — clear,  fair,  cloudy,  rain — whereas  a  much  longer 
account  is  necessary  to  give  an  adequate  description  of  what  the 
weather  will  be  during  a  period  of  24  or  36  hours.  There  are  also 
some  difficult  situations  that  need  to  be  clarified  through  more  re- 
search; but  with  the  exception  of  these,  everyday  forecasting  has  been 
greatly  improved  as  a  result  of  the  developments  of  recent  years,  and 
there  is  rarely  a  miss  on  such  important  items  as  storm  warnings.  The 
ccasional  forecast  that  is  wrong,  however,  is  the  one  that  is  likely  to 
stick  in  the  mind,  rather  than  the  immensely  greater  number  that  are 
successful  day  by  day. 

PART  2.  CLIMATE  AND  AGRICULTURAL 

SETTLEMENT 

The  Settlement  of  the  Humid  East 

"This  was  indeed  a  lustier  land  to  which  the  settlers  had  come," 
says  Sauer,  "a  land  of  hotter  summers  and  colder-  winters,  of  brighter 
and  hotter  sun  and  more  tempestuous  rain,  a  land  suited  to  and  pro- 
vided with  a  greater  variety  of  vegetation   than   the  homelands  of 
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Europe."  In  other  words,  even  the  climate  in  our  eastern  regions 
was  more  continental  in  character  than  that  in  the  British  Isles  and 
northern  Europe;  but  it  was  at  any  rate  a  humid  climate,  and  this 
quality  made  it  sufficiently  like  the  climate  at  home  to  be  congenial. 

As  Sauer  points  out,  neither  in  New  England  nor  in  the  South  did 
the  early  explorers  and  settlers  come  here  primarily  to  farm.  They 
expected  to  make  money  in  almost  any  other  way  except  agriculture, 
and  they  were  driven  to  farming  reluctantly  to  keep  from  starving. 
Even  so,  they  might  have  starved  if  they  had  not  quickly  adopted 
Indian  agricultural  methods  and  crops.  European  agriculture  was 
based  on  grain  and  livestock;  it  involved  cleared  and  plowed  fields, 
seeded  in  rows  or  by  broadcasting,  and  was  entirely  unsuited  to  a 
densely  forested  land.  The  Indians  had  worked  out  the  best  way 
to  farm  such  a  land  with  a  minimum  of  labor  and  practically  no  equip- 
ment except  a  digging  stick  or  mattock.  They  killed  the  trees  by 
girdling,  burned  them  over,  and  planted  their  crops — mostly  corn, 
beans,  squash — in  hills  among  the  stumps. 

In  the  southern  Colonies,  two  money  crops  of  tropical  origin 
soon  came  to  be  dominant.  Virginians  discovered  that  their  climate 
was  well  adapted  to  the  growing  of  tobacco — and  they  made  the  dis- 
covery just  as  the  English  were  acquiring  the  tobacco  habit.  Even- 
tually, tobacco  culture  spread  all  the  way  across  the  upper  South. 
The  second  great  discovery  was  that  the  southern  climate  was  adapted 
to  cotton — first,  sea-island  cotton,  introduced  arourld  Charleston 
from  the  Barbados,  along  with  sugarcane,  indigo,  and  rice;  next, 
upland  cotton,  a  Mexican  plant  introduced  probably  from  southern 
Europe.  Cotton  growing  under  the  plantation  system  gradually 
spread  westward  across  the  deep  South. 

New  England,  meanwhile,  grew  corn,  beans,  and  pumpkins  alongside 
grains  from  Europe.  A  major  shortcoming  was  the  poor  quality 
of  native  eastern  pasture  grasses.  When  European  grasses  and  clover 
were  introduced  and  became  established,  livestock  production  was 
greatly  stimulated.  New  England  would  have  had  difficulty,  how- 
ever, in  supporting  itself  on  agriculture  alone. 

But  "the  basic  pattern  of  the  American  farm,"  says  Sauer,  "is 
derived  chiefly  from  the  middle  Colonies,"  which  saw  the  greatest 
influx  of  settlers  who  were  true  tillers  of  the  soil.  Here  there  were 
neither  southern  plantations,  nor  close-knit  New  England  townships, 
but  scattered  single-family  farmsteads.  Swedes  and  Finns  contrib- 
uted the  log  cabin;  the  Dutch,  better  breeds  of  livestock,  European 
grasses  and  clovers,  an  interest  in  dairying.  The  Irish  and  Scots 
contributed  intrepid  backwoodsmen — and  potatoes;  the  Germans, 
improvements  in  grain  growing  and  stock  breeding,  the  basic  American 
barn,  the  rifle,  the  Conestoga  wagon,  the  stove  instead  of  the  fireplace. 

In  the  middle  Colonies,  "the  Old  World  pattern  of  general  farming, 
with  emphasis  on  the  feeding  of  livestock,  was  transferred  ...  to  the 
New  World  with  one  major  modification" — Indian  corn,  which 
greatly  increased  livestock  production.  Spreading  westward,  this 
general-crop  and  livestock  farming  readily  became  the  corn-hog  econ- 
omy of  the  Prairie  States  and  the  dairy-potato-small-grain  agriculture 
of  the  Great  Lakes  region. 
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Climate  and  Settlement  of  the  Subhumid  Lands 

"By  1850  .  .  .  the  first  period  of  American  colonization,  that  of 
the  forest,  was  at  an  end.  and  the  second,  that  of  the  grasslands,  was 
beginning."  writes  Trewartha.  What  manner  of  land  lay  beyond  the 
humid  eastern  forests? 

The  prairies  lie  between  the  Canadian  border  on  the  north  and  the 
Gulf  of  Mexico  on  the  south.  On  the  east  they  are  bounded  by  a  line 
representing  1  dry  year  in  20.  on  the  west  by  a  line  representing  10 
dry  years  in  20.  Climatically  the  region  is  one  of  strong  contrasts, 
as  is  the  interior  of  every  great  continental  land  mass.  Winters  are 
nearly  50°  F.  warmer  in  southern  Texas  than  in  North  Dakota,  but 
the  great  thrusts  of  polar  air  that  spill  suddenly  out  of  the  Arctic 
may  sweep  all  the  way  down  into  the  Gulf  States.  The  growing 
season  lasts  only  3  to  4  months  in  northern  North  Dakota,  8  to  9 
months  in  Texas :  but  midsummer  days  in  the  north  may  be  almost 
as  hot  as  in  the  south.  Over  the  region  in  general,  rainfall  does  not 
greatly  exceed  evaporation,  so  that  drought  is  the  chief  hazard.  For- 
tunately, the  ram  is  almost  everywhere  concentrated  in  the  warm 
season,  especially  in  early  summer,  the  time  when  grain  needs  it 
most.  Originally  the  prairies  were  covered  with  grass  that  grew  3  to 
10  feet  high  and  was  studded  with  wildflowers.  Trees  were  rare 
except  among  the  "oak  openings"  on  the  eastern  boundary  and  along 
the  river  valleys:  where  the  subsoil  was  moist  enough  to  support 
forests,  they  perhaps  could  not  survive  because  of  prairie  fires  and 
grazing  buffalo.  The  soil  in  the  drier  western  area  is  the  deep  black 
Chernozem,  one  of  the  richest  on  earth,  while  farther  east  are  the  only 
slightly  less  fertile  Prairie  soils. 

Many  pioneers  from  the  East  were  afraid  of  this  too  bright,  too 
level  land  where  there  were  so  few  friendly  trees,  and  shade  and  water 
both  were  scarce.  They  eased  into  it  by  first  settling  the  river  valleys 
and  oak  openings,  which  seemed  familiar.  What  was  needed  was  the 
development  of  new  techniques  for  farming  and  living.  Houses  made 
out  of  sod  instead  of  logs;  cow  chips  and  knots  of  twisted  grass  for 
fuel;  wells  sometimes  200  feet  deep,  dug  with  pick  and  shovel:  wind- 
mills to  harness  the  strong  winds  for  pumping:  barbed-wire  fencing, 
better  than  the  almost  nonexistent  split  rails;  steel  plows  that  would 
scour  clean  and  bright  in  the  prairie  soil  and  not  stick  like  the  old 
iron  and  wooden  plows:  oxen,  plenty  of  oxen,  to  pull  the  plows  through 
the  thick,  tough  virgin  sod;  reapers  and  mowers  and  threshers 
placing  slow  hand  labor;  and  perhaps  more  than  anything  else,  rail- 
roads to  haul  the  products  of  the  new  lands  to  distant  markets. 

One  by  one.  these  things  and  these  techniques  were  provided. 
Once  conquered,  the  prairies  yielded  enormously.  No  need  here  to 
grub  out  trees  laboriously  and  endlessly;  a  man  could  have  the  land 
producing  within  a  year.  No  need  to  think  of  conserving  this  ^<>il 
it  looked  inexhaustibly  fertile.  Eastward,  great  industrial  cities  were 
growing  up  that  needed  to  be  fed  cheaply.  The  prairies,  witli  cheap 
land  and  large-scale  methods  of  production,  could  do  the  job.  Quick- 
ly they  swung  into  the  production  of  wheat,  corn,  cattle,  hogs  <>n  a 
vast    scale;    and    to    the    south,    cotton.     Droughts,    Bearing  winds, 
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insect  plagues,  blizzards  took  their  toll,  but  they  were  incidents. 
The  prairies  were  such  an  agricultural  treasure  house  as  has  seldom 
existed  in  the  world,  and  they  lived  up  to  their  destiny. 

Climate  and  Settlement  in  the  Great  Plains 

An  old  song  says  that  "woman  is  fickle."  So  also,  Thomthwaite 
makes  clear,  are  the  Great  Plains.  In  one  mood  they  seem  like  a 
comfortable,  loving  housewife.  Next  they  lash  out  with  a  sharp 
tongue  and  a  long  blacksnake  whip.  To  live  with  these  moods,  a 
man  must  be  wise  and  cautious. 

The  moods  of  the  Great  Plains  have  a  climatic  basis.  Rainfall  in 
the  humid  East  is  caused  mostly  in  this  way:  Warm  air,  laden  with 
moisture  from  the  ocean,  travels  northward;  it  meets  a  wall  of  cold, 
dry  polar  air;  it  is  forced  upward  and  chilled;  the  moisture  condenses 
and  comes  down  as  rain.  Normally,  this  moisture-laden  air  from  the 
south  curves  eastward  and  so  never  reaches  the  Great  Plains.  Most 
of  the  warm  air  that  does  reach  the  Plains  comes  from  Mexico;  it  is 
so  dry  to  begin  with  that  it  has  little  or  no  water  to  spill  when  it  is 
forced  up  by  cold  polar  air  from  the  north.  But  sometimes  the  moist 
ocean  air  goes  westward  and  gets  to  the  Plains.  A  third  of  the  year's 
rainfall  may  then  be  dumped  on  the  land  in  a  single  day. 

The  climate,  then,  is  one  of  extremes.  In  1905,  for  example,  hardly 
any  part  of  the  Great  Plains  had  a  semiarid  climate.  Parts  were  as 
moist  as  Ohio;  other  parts  had  the  climate  of  Iowa  and  western 
Illinois.  Five  years  later,  in  1910,  most  of  the  southern  and  parts  of 
the  northern  Plains  were  experiencing  a  climate  as  dry  as  that  of  a 
desert.  Hail,  frost,  hot  winds  are  particularly  severe  in  this  region; 
seasonal  contrasts  in  temperature  are  great.  Different  types  of  air 
masses  sweep  over  the  Plains  in  succession  and  make  it  a  meteoro- 
logical battleground. 

Originally  the  region  was  like  a  vast  close-cropped  meadow,  covered 
with  short  grasses  that  could  stand  prolonged  drought.  Pioneers  ac- 
customed to  trees  thought  it  a  desert  and  hurried  across.  After  the 
Civil  War  there  was  an  immense  expansion  of  ranching,  preceded  by 
the  great  cattle  drives  from  Texas.  Meanwhile  settlers  learned  to 
farm  the  treeless  prairies  to  the  east,  and  some  began  experimenting 
on  the  Plains.  A  period  of  comparatively  high  moisture  made  the 
prospects  seem  good.  More  settlers  moved  in.  A  severe  drought 
came  along  in  the  nineties,  ruined  many,  drove  them  out.  Then 
special  dry-farming  methods  were  developed  to  conserve  moisture, 
and  the  problem  seemed  to  be  solved.  The  treatment  given  the  soil, 
however,  made  it  blow  away. 

Cattle  ranching  expanded  next  as  a  result  of  the  World  War.  After 
the  war,  the  development  of  mechanical  methods  for  wheat  farming, 
high  prices  for  wheat,  and  a  series  of  comparatively  rainy  years  made 
the  Plains  look  like  a  bonanza  region  again.  By  1 930  most  of  the  land 
had  been  plowed.  Then  during  the  whole  of  the  next  decade  there 
were  droughts,  coming  on  top  of  the  depression.  Once  more  groat 
numbers  of  people  were  ruined  and  forced  to  emigrate. 

There  is  not  much  sense,  Thomthwaite  argues,  in  this  feverish 
alternation  of  false  hopes  and  ruin.  The  character  of  the  climato  in 
the  Great  Plains  is  now  clear  enough.     Over  a  period  of  years,  wheat 
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farming  can  pay.  at  current  prices,  only  in  a  few  locations  where  sup- 
plementary water  is  available.  The  general  pattern  imposed  by  the 
climate  is  a  grazing  economy,  with  additional  forage  and  feed  crops 
produced  in  rainy  years  and  where  flood  irrigation  is  possible.  This 
involves  restoration  of  the  range,  larger  and  fewer  farms,  considerable 
cooperative  planning,  and  restraints  on  further  inrushes  of  settlers. 
So  a  man  can  live  with  the  Great  Plains  and  take  its  moods  in  his 
stride. 

Climate  and  Settlement  of  the  Arid  Region 

"I  will  lift  up  mine  eyes  unto  the  hills,  from  whence  cometh  my  help," 
is  a  literally  true  saying  for  the  dweller  in  the  arid  region  of  the 
United  States.  The  region  is  barricaded  on  the  west  by  the  long 
Sierra  Nevada-Cascade  Range.  Moist  winds  from  the  Pacific  are 
forced  up  these  mountains  and  spill  their  load  of  water  invariably  on 
the  western  slopes.  The  same  thing  occurs  at  each  successive  range 
eastward.  Thus,  though  the  region  as  a  whole  is  parched,  it  is  also 
spotted  with  moist  areas.  Too  high,  too  cold,  too  rough  in  topog- 
raphy to  be  used  for  agriculture,  these  humid  islands  are  wonderful 
sources  of  life-giving  water  for  the  valleys  below,  especially  since 
much  of  the  moisture  is  held  in  winter  as  snow  and  released  later  on 
when  it  is  needed  for  crops.  The  combination  of  mountain,  valley, 
and  flat  desert  makes  for  abrupt  changes  in  both  precipitation  and 
temperature.  Salt  Lake  City,  for  example,  has  about  16  inches  of 
rainfall  a  year,  whereas  40  miles  west,  over  the  desert,  there  is  only 
6  inches,  and  20  miles  east,  in  the  Wasatch  Range,  there  is  43  inches. 

People  settled  at  the  mouths  of  canyons,  where  water  poured  out, 
and  at  the  base  of  mountains,  just  as  in  the  Sahara  they  settled  in 
scattered  oases.  Later  on,  engineering  developments  made  it  possible 
to  bring  water  farther  away  from  the  mountains,  but  the  pattern  of 
settlement  is  still  determined  by  the  availability  of  water. 

Ranching  and  dry  farming  are  both  practiced  in  the  arid  region, 
but  irrigation  dominates  its  agriculture.  Modern  irrigation  agricul- 
ture was  begun  by  the  Mormons  in  1847.  Today  about  half  the 
farms  in  11  Western  States  are  irrigated,  and  the  value  of  irrigated 
land  is  well  over  half  the  value  of  all  farm  land.  In  Utah  each  acre 
of  irrigated  land  is  entirely  dependent  for  its  productiveness  on  the 
water  from  7  acres  of  forest  and  range  up  in  the  mountains. 

Irrigation  agriculture  seems  ideal  because  moisture  is  fully  con- 
trolled. But  it  involves  very  difficult  problems.  It  cannot  be  success- 
ful without  disciplined  cooperation  among  the  water  users.  Water 
conservation  must  be  practiced  high  up  in  the  mountains,  and  this 
involves  regulation  of  other  uses  of  the  watershed  to  avoid  erosion, 
floods,  and  siltation.  Much  land  can  be  ruined  by  heavy  concentra- 
tion of  salts  carried  in  the  irrigation  water  unless  management  prae- 
are  sound.  Settlement  must  be  carefully  planned;  it  is  eas}  lo 
bring  in  more  people  than  a  given  irrigated  area  will  support  or  to  put 
more  land  under  cultivation  than  the  available  water  justifies. 

"Future  expansion  of  irrigation/'  says  Bailey,  "depends  primarily 
upon  engineering  developments."  Available  water  and  good  soil 
seldom  occur  side  by  side;  only  engineering  can  bring  them  together. 
But  the  best  engineering  is  no  guaranty  of  success.     That  depends 
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on  a  common  understanding  and  acceptance  of  the  peculiar  necessities 
that  arise  when  water  has  to  be  carefully  collected,  saved,  and  rationed 
out  to  make  production  possible. 

Settlement  and  Cultivation  in  the  Summer -Dry 

Climates 

Not  far  inland  from  the  Pacific  coast  a  long  stretch  of  mountains 
reaches  from  Canada  almost  to  Mexico.  East  of  these  mountains 
lies  the  arid  region  already  described.  West  of  them  is  a  strip  of 
country  that  receives  much  more  rainfall.  But  the  peculiarity  of  this 
precipitation  is  that  it  comes  mostly  in  winter.  In  summer  the 
cyclonic  storms  caused  by  air  battles  along  the  polar  front  stay  far 
to  the  north,  and  this  strip  of  country  has  little  or  no  precipitation. 
Thus  it  is  characterized  by  drought  in  summer,  moisture  in  winter — 
the  reverse,  in  general,  of  what  occurs  in  other  agricultural  regions 
of  the  United  States.  It  is  also  characterized  by  mild  winter  tem- 
peratures because  air  coming  from  the  Pacific  is  always  comparatively 
warm,  and  cold  air  coming  from  the  east  is  warmed  by  compression 
in  dropping  from  the  high  mountains  to  the  valley  floors.  In  summer, 
sunshine  is  intense  and  temperatures  are  likely  to  be  high,  except 
where  they  are  moderated  by  the  ocean  or  by  high  elevations. 

Native  plants  in  the  region  are  adapted  to  the  peculiar  climate. 
Trees  in  the  moister  areas  and  shrubs  (chaparral)  in  the  drier  areas 
hava  deep  enough  roots  to  draw  on  ground  water  and  so  withstand 
summer  drought.  Grasses  make  their  growth  in  late  winter  and  early 
spring  and  ripen  in  early  summer  before  drought  becomes  severe. 
Many  of  the  common  cultivated  crops,  however,  are  not  suited  to 
these  conditions.     For  them,  irrigation  must  be  provided. 

The  first  settlements  were  in  the  south,  and  they  were  made  by 
Spanish  missionaries  from  Mexico.  Accustomed  to  a  dry  climate,  the 
Spaniards  were  equipped  to  succeed.  They  had  extensive  herds;  they 
produced  grain  by  dry -farming  methods;  they  raised  fruits  and  vegeta- 
bles with  the  aid  of  small-scale  irrigation  from  the  streams.  Mission 
agriculture  was  suitable  for  the  support  of  a  small  population.  In  the 
north,  where  there  was  more  moisture,  settlement  followed  the  typical 
eastern  pattern — trapper,  trader,  and  finally  pioneer  farmer. 

The  gold  rush  brought  a  huge  influx  of  fortune  hunters  who  could 
not  be  adequately  fed  by  the  native  agriculture.  After  1860  there 
were  four  periods  of  agricultural  development — 1860-70,  wheat; 
1870-80,  wool;  1880-90,  fruit;  1890-1900,  dairying.  One  type  of 
agriculture  did  not  displace  another;  they  grew  side  by  side,  and  each 
was  due  to  the  search  for  a  new  way  to  sell  land  to  settlers. 

Today  agriculture  in  the  summer-dry  regions  is  based  on  the  natural 
advantage  of  mild  winters  and  a  long  growing  season.  Citrus  fruits, 
the  less  hardy  deciduous  fruits,  fresh  vegetables  in  winter — these  are 
grown  for  distant  markets.  The  rainless  summers  are  admirably 
adapted  to  the  drying  of  prunes,  raisins,  peaches,  apricots.  Irrigation 
does  not  have  quite  the  same  function  it  has  in  truly  arid  regions;  it 
is  supplementary  to  the  winter  precipitation  and  is  often  provided 
by  pumping  directly  out  of  the  ground  on  individual  farms.  Winter 
run-off  has  gone  mostly  unused  to  the  sea.  The  next  step,  says 
Leighly,  is  large-scale  storage  of  winter  precipitation,  as  in  the  Central 
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Valley  water  project,  now  being  developed.  The  intensity  of  agricul- 
ture in  the  region  as  a  whole  depends  almost  entirely  on  how  extensive 
are  the  means  for  overcoming  summer  drought. 

The  Colonization  of  Northern  Lands 

Stefansson,  one-time  Arctic  explorer,  has  long  been  an  enthusiast 
about  northern  lands.  Here  he  gives  his  views  about  why  they  have 
not  been  more  heavily  colonized  and  what  their  resources  and  possi- 
bilities are.     Most  of  the  discussion  concerns  Alaska. 

There  are  several  fundamental  reasons  why  the  north  has  not  been 
more  thickly  settled,  and  they  go  far  back  ill  history.  Some  of  them, 
Stefansson  thinks,  are  based  mostly  on  misconceptions. 

(1)  The  ancient  Greeks  divided  the  earth  into  five  zones,  of  which 
only  the  two  Temperate  Zones  were  inhabitable.  In  the  Arctic,  they 
said,  no  life  could  exist.  Not  until  1937  was  the  existence  of  a  lifeless 
region  at  the  Pole  finally  disproved.  In  one  wray  or  another  the  old 
Greek  doctrine,  bolstered  by  a  fear  of  the  north  natural  to  southerly 
peoples,  has  influenced  our  viewpoints  for  centuries. 

(2)  Southerly  peoples,  thinking  only  in  terms  of  their  own  ways  of 
doing  things,  cannot  imagine  how  it  is  possible  to  live  comfortably  in 
the  north.  But  it  is  in  the  main  a  question  of  doing  things  in  different 
ways.  Our  winter  clothes,  made  for  looks,  would  not  keep  us  warm 
in  the  Arctic;  the  Eskimo  keeps  warm  with  clothes  designed  for 
efficiency.  Houses  must  be  different  from  ours;  for  instance,  the 
Eskimo's  door  is  in  the  floor.  Ice,  an  inconvenience  to  travel  in  the 
south,  is  a  superb  highway  in  the  north,  with  proper  equipment. 

(3)  The  north  can  produce  certain  food  products  economically — 
reindeer  meat,  for  example;  wheat  in  certain  regions.  But  farmers 
farther  south  already  have  a  hard  enough  time  getting  along  and 
naturally  oppose  further  competition.  Since  they  have  a  voice  in 
governments,  their  opposition  is  a  factor  in  holding  back  northern 
development. 

(4)  Some  say  the  northern  regions  are  too  far  away  for  colonization. 
With  modern  methods  of  transportation,  this  is  not  true.  Scandinavia 
and  Finland  have  about  16  million  people.  They  are  as  far  north  as 
Alaska  with  its  73,000  inhabitants  (of  whom  39,000  are  whites),  and 
they  are  not  so  rich  in  some  important  resources.  The  pioneering, 
subsistence-farming  psychology  necessary  for  the  settlement  of  Alaska 
is  lacking  today. 

Average  annual  temperatures  are  not  the  only  important  factors  in 
agricultural  production,  Stefansson  argues.  The  long  period  of  day- 
light in  summer  in  the  north  makes  up  for  the  shortness  of  the  growing 
season  in  the  case  of  several  crops.  Wheat  can  be  grown  successfully 
where  the  summer  temperatures  are  high  enough,  as  they  are  in  various 
northern  regions.  Where  wheat  cannot  be  grown,  other  crops  often 
can  be.  The  caribou  (reindeer)  is  a  very  economical  source  of  meal 
and  hides;  the  musk  ox,  of  meat,  hides,  and  wool. 

In  spite  of  his  enthusiasm  for  the  north,  Stefansson  foresees  no  very 
rapid  growth  in  the  colonization  of  Alaska  in  the  next  decade.  There 
might  be  such  a  rapid  growth,  he  thinks,  if  the  development  of  Alaskan 
resources  were  handed  over  to  one  or  more  huge1  privately  owned  cor- 
porations, somew  hut  like  the  old  Hudson's  Bay  Co.;  or  to  big  coopera- 
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tives  like  those  in  Iceland  or  Palestine;  or  to  the  Government,  which 
would  imply  some  form  of  socialism.  He  believes  that  such  things  as 
fostering:  the  development  of  the  reindeer  industry  will  result  in  a 
moderate  increase  in  population  with  a  cheap  source  of  food,  which  in 
turn  will  make  possible  the  further  development  of  other  resources, 
notably  gold. 

Climate  and  Settlement  in  Puerto  Rico  and 
the  Hawaiian  Islands 

It  has  long  been  argued  that  white  people  cannot  live  normally  in 
the  Tropics.  For  the  milder  tropical  climates,  at  least,  this  is  dis- 
proved by  experience  in  Puerto  Rico  and  Hawaii.  Not  climate  but 
economic  conditions  seem  to  be  the  determining  factor. 

More  than  two-thirds  of  the  population  of  Puerto  Rico  was  white 
in  1935.  as  compared  with  less  than  half  in  1802.  Of  the  serious  dis- 
eases apparently  brought  in  with  slaves  from  Africa,  yellow  fever  and 
smallpox  have  been  conquered  since  the  American  occupation  in  1898; 
hookworm  and  malaria  are  still  prevalent.  But  unproved  health 
conditions  increased  the  rate  of  population  growth.  In  1935  it  was 
501  to  the  square  mile — more  than  the  present  agriculture  of  the 
island  can  support. 

The  chief  product  today  is  sugar,  from  large  plantations  made  by 
consolidating  small  farms.  This  has  crowded  people  into  cities  and 
factory  centers  or  onto  the  poorer,  rougher  land.  Employment  is 
seasonal.  Labor  is  cheap.  Earnings  are  meager,  and  they  go  for 
imported  rice,  beans,  codfish,  supplemented  by  some  home  produc- 
tion of  vegetables  and  fruits.  Around  the  coffee  plantations  in  the 
higher  areas  there  is  less  crowding,  but  at  present  coffee  production 
faces  serious  difficulties.  Tobacco  production  alone  is  carried  on 
on  small  farms. 

Every  student  of  Puerto  Rican  conditions  realizes  the  seriousness 
of  its  economic  problems.  Large-scale  migration  to  the  United  States 
or  to  other  islands  might  solve  them — if  it  were  possible.  Some  have 
suggested  that  division  of  the  sugar  estates  into  small  subsistence 
farms  would  be  a  solution,  but  studies  also  show  that  wages  on  sugar 
plantations  will  buy  3}-:  times  as  much  food  as  can  be  raised  on  the 
same  land.  What  is  needed  most.  Thorp  suggests,  is  the  introduction 
of  more  industries,  either  privately  owned  or  cooperative,  with  water 
power  developed  to  make  up  as  far  as  possible  for  the  lack  of  coal. 

The  Hawaiian  Islands,  on  the  other  hand,  are  relatively  prosperous 
and  could  support  a  larger  population  than  they  have.  Health  con- 
ditions are  better  than  in  many  parts  of  the  United  States;  there  is 
little  unemployment;  wages  are  sufficient  for  a  good  standard  of 
living.  Sugarcane  produces  the  highest  average  yields  in  the  world, 
through  the  use  of  scientific  methods;  the  pineapple  industry  is  pros- 
perous; high-quality  beef  is  produced  on  large  ranches  on  some  of  the 
islands. 

Climate  does  not  account  for  the  difference  in  the  condition  of  the 
people  in  these  two  regions.  Puerto  Rico  has  a  relatively  small 
amount  of  normally  arable  land,  which  makes  it  easier  to  reach  the 
point  of  extreme  population  pressure.     Both  regions  have  about  the 
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same  minimum  rainfall  in  certain  areas,  but  there  is  a  much  greater 
maximum  in  the  wet  portions  of  the  Hawaiian  Islands — almost  500 
inches  a  year,  as  compared  with  150  in  Puerto  Rico. 

Climate  and  Future  Settlement 

Broek  takes  up  the  question  of  pioneering  in  new  lands.  After  400 
years  of  migration  by  the  European  peoples,  there  are  still  large  areas 
which  they  have  avoided  or  only  thinly  settled.  This  is  mainly  be- 
cause people  go  to  new  lands  in  order  to  have  better  opportunities 
than  they  had  at  home,  and  the  good  lands,  offering  better  oppor- 
tunities, have  all  been  taken.  The  remaining  sparsely  settled  regions 
are  those  in  which  climate  is  a  serious  draw-back — the  hot  wet  re- 
gions, the  hot  dry  regions,  the  cold  regions.  At  least  it  is  not  consid- 
ered today  that  these  regions  are  uninhabitable;  the  problem  is  to 
find  techniques  for  overcoming  the  climatic  draw-backs;  but  this 
usually  involves  high  costs.  There  is  an  increased  interest  in  coloni- 
zation at  present  because  of  the  search  for  places  where  European 
refugees  can  settle.  Broek  discusses  each  of  the  three  types  of 
regions  in  turn. 

Draw-backs  to  white  settlement  in  the  hot  wet  regions  of  tropical 
rain  forest  include  monotonous  weather,  deficient  diets,  overpower- 
ing vegetative  growth,  leached  soils,  diseases  carried  by  insects. 
There  is  now  a  more  optimistic  view  about  the  white  man's  ability 
to  stay  healthy  in  these  regions,  however;  it  seems  quite  possible  with 
a  good  diet,  proper  sanitation  and  other  precautions,  enough  regular 
exercise,  and  perhaps  suitable  air  conditioning.  But  all  these  things 
imply  a  high  standard  of  living.  This  is  not  difficult  for  colonial 
officials,  business  managers,  and  others  in  well-paid  positions,  but  it 
becomes  a  real  problem  in  the  case  of  a  complete  white  settlement 
where  the  majority  of  the  people  have  to  earn  a  living  by  manual 
work.  The  serious  problem,  then,  is  economic.  Among  the  ele- 
ments of  this  problem  are  the  health  menace  from  natives  with  a  low 
standard  of  living;  economic  competition  from  the  same  quarter; 
high  costs  of  cultivation  and  comparatively  low  yields.  Colonization 
in  these  regions,  Broek  concludes,  must  have  expert  leadership  and 
be  preceded  by  adequate  experimentation.  In  the  cooler  uplands  of 
the  Tropics  and  in  the  lowlands  on  the  edges  of  the  Tropics  chances 
are  better  than  in  the  true  rain-forest  regions. 

The  hot  dry  regions  (the  deserts)  are  healthy  enough.  Soils  arc 
often  rich  in  minerals.  The  great  draw-back  to  agricultural  produc- 
tion is  lack  of  water.  Extensive  irrigation  costs  a  great  deal,  and  it 
is  profitable  only  with  crops  of  high  value.  In  the  semiarid  areas  on 
the  edges  of  deserts  the  problem  is  mainly  the  uncertainty  and  irregu- 
larity of  rainfall,  as  discussed  by  Thornthwaitc  in  the  article  on  the 
Great  Plains. 

The  cold  polar  climate  seems  to  he  the  most  formidable  of  the 
three,  judging  by  sparseness  of  settlement.  The  shortness  of  the 
growing  season,  the  rather  poor  character  of  the  soils,  and  the  in- 
ability of  the  north  are  draw-hacks.  Far  north  of  the  Arctic 
Circle,  in  the  tundra  (the  region  of  mosses  and  Lichens),  extreme 
measures,  such  as  the  production  of  vegetables  in  hothouses,  must   be 
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resorted  to  to  support  airy  large  population;  hence  there  will  not  be 
much  settlement  in  this  region  unless  there  are  powerful  reasons 
for  it.  In  the  taiga  (the  region  of  coniferous  forests  farther  south) 
conditions  are  more  favorable  for  agriculture.  Potatoes  and  other 
vegetables,  flax,  forage  crops,  and  early-maturing  grains  can  be 
raised.  The  northward  push  of  agriculture  here  will  be  determined 
largely  by  the  demand  for  foodstuffs  in  mining  and  lumbering  areas. 
One  advantage  for  the  farmer  is  that  he  can  work  in  mines  or  mills 
during  the  winter.  Careful  planning  is  required,  however,  to  avoid 
temporary  exploitation  of  resources,  leaving  stranded  communities. 

Comfort  and  Disease  in  Relation  to  Climate 

Hirsh  deals  with  some  of  the  broad  general  relations  of  climate  to 
comfort  and  disease. 

Through  extremes  of  heat  and  cold,  from  —40°  F.  in  the  Dakotas 
in  winter  to  130°  in  a  southwestern  desert  in  summer,  the  body 
maintains  a  constant  temperature  of  about  98°,  largely  through  its 
own  heat-regulating  mechanism.  Contrary  to  common  opinion,  it 
does  not  depend  much  on  such  external  aids  as  clothing.  In  cold 
weather  it  speeds  up  the  rate  of  heat  production ;  skin  and  fatty  tissues 
serve  as  insulation  against  heat  loss;  surface  blood  vessels  contract 
to  save  heat;  we  may  even  produce  extra  heat  by  shivering.  In  hot 
weather  the  surface  blood  vessels  dilate  so  that  heat  can  be  carried 
more  quickly  from  the  inside  to  the  outside,  where  it  can  be  lost  by 
convection  and  radiation;  the  evaporation  of  sweat  also  has  a  cool- 
ing effect. 

Comfort,  however,  does  not  depend  on  temperature  alone  but  on 
other  factors  as  well.  High  humidity  in  particular  helps  to  prevent 
heat  loss  from  the  body  and  makes  high  temperatures  much  less 
bearable.  Fanning  and  dehumidilying  the  air  both  help  the  body 
to  lose  heat.  But  beyond  certain  limits  reduction  in  the  moisture 
content  of  warm  air  becomes  harmful;  in  a  dry  parched  atmosphere 
the  mucous  membranes  of  nose  and  throat  tend  to  become  dry,  and 
susceptibility  to  respiratory  troubles  increases. 

The  practical  objective  in  clothing  and  housing  should  be  to  help 
the  body  maintain  the  balance  between  heat  production  and  heat 
loss  with  a  minimum  of  effort.  House  heating  in  winter  and  cooling 
in  summer  should  not  be  overdone,  however,  because  too  great  a 
contrast  with  outdoor  conditions  makes  it  difficult  to  become  read- 
justed to  them.  In  heating  a  house  it  is  especially  important  to 
provide  for  the  thorough  mixing  of  cold  and  warm  air;  too  often,  in 
an  ordinary  room,  the  head  is  in  a  warm  stagnant  atmosphere,  and 
the  feet  are  in  a  cold  drafty  one. 

Acclimatization,  or  adjustment  to  a  different  climate  from  that 
one  has  been  used  to,  often  presents  serious  problems.  The  south- 
erner coming  north,  writes  Hirsh,  may  find  that  his  body  is  suddenly 
called  on  to  produce  more  heat  than  it  has  been  accustomed  to  pro- 
ducing; the  northerner  going  south  may  find  himself  uncomfortable 
because  his  heat  production  and  activity  are  at  too  high  levels  for  a 
warm  climate.  Serious  consequences  may  follow  sudden  changes 
unless  precautions  are  taken  while  the  body  is  making  new  adjust- 
ments— a  process  that  may  take  considerable  time. 
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Few  diseases  are  caused  directly  by  climate;  among  them  are  heat 
exhaustion,  heatstroke,  snow  blindness,  frostbite,  mountain  sickness. 
But  climate  favors  the  organisms  that  cause  some  diseases,  such  as 
malaria  and  hookworm,  and  it  also  affects  the  individual's  resistance 
to  disease. 

Hirsh  gives  several  examples  of  climatic  influences  in  relation  to 
disease,  including  the  seasonal  rise  and  fall  of  the  common  cold, 
pneumonia,  and  infantile  paralysis,  and  the  occurrence  of  the  three 
major  troubles  caused  by  heat — heat  cramps,  heat  exhaustion,  and 
heatstroke.  Of  the  three,  heatstroke  is  the  most  sudden  and  danger- 
ous; it  may  cause  death  within  a  short  time  and  requires  immediate 
and  constant  attention  by  a  physician.  Excessive  loss  of  salts  from 
the  body  by  sweating  is  a  major  factor  in  causing  heat  exhaustion 
and  heat  cramps.     Taking  extra  salt  is  a  preventive. 

In  general,  Hirsh  notes,  climate  is  less  to  blame  for  diseases  in 
many  regions  than  such  factors  as  poor  nutrition,  overcrowding,  and 
lack  of  adequate  sanitation  and  medical  care. 

Health  in  Tropical  Climates 

Stone  has  been  particularly  concerned  with  what  happens  to  people, 
physiologically,  in  the  Tropics,  but  his  discussion  is  of  much  wider 
interest  for  the  light  it  throws  on  our  reactions  to  excessive  heat 
whether  we  live  in  the  Tropics  or  not.  It  might  almost  have  been 
called  Men  in  Hot  Weather. 

It  would  be  useful  to  have  an  absolute  scale  of  comfort  in  relation 
to  temperature  and  humidity,  but  every  attempt  to  make  such  a  scale 
runs  up  against  two  basic  difficulties.  There  is  a  marked  difference 
in  what  different  individuals  call  comfortable;  and  what  is  comfort- 
able to  an  individual  at  one  time  may  not  be  at  another.  People 
agree  only  on  certain  extremes.  For  instance,  everyone  will  say  it  is 
very  hot  when  the  temperature  is  95°  F.  and  the  humidity  70  per- 
cent, and  everyone  will  agree  that  it  is  cool  when  the  temperature  is 
below  60°  or  65°. 

So  far  as  health  is  concerned,  the  monotony  of  the  tropical  climate 
is  more  harmful  than  the  heat  and  humidity.  Where  climatic  varia- 
tions are  slight  from  day  to  day  and  season  to  season,  the  body  loses 
its  ability  to  adapt  itself  to  changes  and  thus  becomes  more  sensitive 
to  whatever  changes  do  occur.  Hence  the  danger,  for  example,  of 
" chills"  in  the  Tropics;  bodily  resistance  to  cold  has  been  lost.  More- 
over, if  there  is  enough  variation  in  the  climate,  it  is  possible  to  with- 
stand extreme  conditions  for  a  while,  even  though  they  might  be  dan- 
gerous if  long-continued.  Hot  days  are  bearable  if  the  nights  are 
cool  enough  for  sleep,  but  a  long  stretch  of  hot  days  and  nights  can 
be  very  exhausting.  Some  of  the  summer  heat  waves  in  the  United 
States  are  much  worse  than  any  weather  that  ever  occurs  in  parts  of 
the  subtropics,  but  the  heat  waves  have  not  been  a  serious  draw- 
back to  settlement  because  they  are  temporary. 

The  simplest  way  to  maintain  physical  tone  and  make  up  for  the 
lack  of  variation  in  a  tropical  climate  is  to  take  regular,  vigorous 
exercise — in  spite  of  contrary  opinion  in  the  past.  The  worst  sub- 
stitute for  climatic  stimulation — but  one  commonly  resorted  to — is 
overindulgence  in  alcohol. 
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What  does  "comfort"  mean  physiologically?  It  means  that  heat 
losses  are  balancing  heat  production  in  the  body  without  sensible 
strain.  When  the  air  becomes  very  cold,  this  balance  still  occurs — 
down  to  a  certain  temperature — through  more  severe  internal  adjust- 
ments. These  adjustments  to  cold  can  be  made  to  operate  very 
promptly  by  training,  but  they  can  also  be  impaired  by  disuse. 

Adjustments  to  high  temperatures  are  also  made  by  the  body, 
though  they  are  not  made  so  well  by  the  very  young,  the  aged,  the 
sick,  and  those  with  weak  hearts;  these  are  the  individuals  most  likely 
to  succumb  to  heat.  The  process  of  acclimatization  to  heat,  says 
Stone,  consists  largely  in  learning  to  sweat  more  volume  with  less 
salt  in  it,  and  this  must  be  accompanied  by  taking  more  water  and 
more  salt.  Other  adjustments  are  involved,  too,  though  some  of  the 
ones  suggested  are  questioned  by  some  authorities.  The  basal  metab- 
olism may  decrease  somewhat;  the  number  of  sweat  glands  may  in- 
crease; some  of  the  internal  glands  may  alter  their  level  of  secretion. 

Exposure  to  sunlight  is  one  of  the  problems  of  life  in  the  Tropics. 
It  is  well  to  acquire  a  tan  if  possible  because  this  increases  the  resist- 
ance of  the  skin  to  ultraviolet  radiation,  but  extreme  exposure  is 
dangerous.  Shade  and  white  clothing  help  to  reduce  the  heat  from 
the  sun.  Why  then  are  not  Negroes,  with  dark  skins,  more  sensitive 
to  heat  than  the  whites?  Because  they  have  more  sweat  glands,  start  to 
sweat  sooner,  and  sweat  more  copiously.  Moreover,  they  have  a 
tough  skin  that  withstands  infection  better  than  that  of  the  whites. 

Not  much  can  be  said  with  certainty  about  the  effects  of  a  tropical 
climate  on  the  body  because  only  very  inadequate  records  have  been 
kept  so  far.  There  seems  to  be  a  lowering  of  blood  pressure ;  the  vol- 
ume of  blood  presumably  increases,  but  it  is  more  diluted;  sweating 
takes  a  toll  of  plasma,  fluid,  and  salts  which  must  be  made  up ;  there  is 
a  decrease  in  gastric  secretions,  accompanied  by  constipation  and 
impaired  appetite  and  digestion;  there  is  also  reduced  energy  for 
work,  but  this  may  often  be  only  a  sign  of  malnutrition  or  some  other 
trouble.  Those  who  have  high  energy  production  because  of  an  over- 
active thyroid  are  likely  to  become  neurasthenic  in  the  Tropics. 
There  is  less  oxygen  per  cubic  foot  in  hot  than  in  cold  air,  and  this 
may  reduce  the  effectiveness  of  all  bodily  functions  unless  the  body 
becomes  adjusted  to  it. 

All  in  all,  says  Stone,  the  most  important  conclusions  seem  to  be 
that  the  constant  sweating  and  the  increase  of  blood  flow  to  the 
capillaries  induced  by  warmth  have  a  harmful  effect  on  blood  chem- 
istry and  the  tone  of  the  internal  organs,  lowering  resistance  to  infec- 
tion. With  more  knowledge,  it  may  be  quite  possible  to  overcome 
these  difficulties  by  suitable  hygienic  measures.  Selection  of  indi- 
viduals especially  adapted  to  live  in  the  Tropics,  much  as  Army  and 
Navy  fliers  are  selected,  is  another  promising  possibility. 

PART  3.  CLIMATE  AND  THE  FARMER 
Climate  and  Soil 

Kellogg  does  not  confine  his  discussion  strictly  to  the  tie-up  be- 
tween soil  and  climate  but  endeavors  to  answer  these  five  broad  ques- 
tions: (1 )  I  low  is  a  soil  formed?     (2)  What  is  the  relationship  between 
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climatic  factors  and  soil?  (3)  What  are  the  principal  soil  types  and 
their  characteristics?  (4)  What  factors  are  involved  in  soil  fertility 
and  productivity,  soil  exhaustion  and  renewal,  and  erosion?  (5) 
What  considerations  guide  the  farmer  in  his  use  of  the  soils  on  an 
individual  farm? 

(1)  As  an  example  of  soil  formation  he  takes  a  soil  in  a  humid, 
temperate  climate  like  that  of  West  Virginia  or  Maryland.  Begin 
with  an  exposed  granite  rock.  Sun,  rain,  changes  in  temperature, 
ice  in  the  cracks,  all  cause  it  to  crumble.  Some  of  the  minerals  are 
changed  and  dissolved  by  water.  At  some  time  plants  appear  and 
take  hold — at  first,  maybe  only  mosses  and  lichens;  eventually,  trees. 
They  die  and  their  organic  material  is  added  to  the  crumbled  rock 
substance,  together  with  the  minerals  they  have  pulled  up  and  built 
into  their  bodies.  Bacteria  and  other  micro-organisms  bring  about 
the  break-down  and  decay  of  the  organic  material;  some  "fix"  nitrogen 
from  the  air  and  add  it  to  the  soil. 

This  particular  soil,  formed  under  a  humid-climate  forest,  would  be 
acid,  partly  because  no  great  amount  of  basic  (alkaline)  substances 
are  pulled  up  by  tree  roots  to  be  added  to  the  surface.  Trees  also 
make  comparatively  little  humus.  Rain  in  this  humid  climate  would 
wash  some  minerals  clown  entirely  below  the  soil.  Some  of  the  clay, 
in  fine  particles,  would  also  be  washed  down  and  deposited  in  a  layer 
below  the  surface.  Eventually  there  would  be  a  number  of  layers  of 
different  kinds,  one  above  another.  Together,  they  would  make  a 
profile  with  distinctive  characteristics,  determined  by  the  climatic 
and  other  conditions  under  which  this  soil  was  formed.  The  two  top 
layers  (horizons)  would  be  the  true  soil.  The  normal  erosion  is 
constantly  removing  some  of  this  as  soil-forming  processes  extend 
into  the  rocks  beneath.  Under  them  would  be  loose  material;  under 
that,  solid  rock.  Changes  would  constantly  be  going  on  in  the  soil, 
but  in  time  gains  and  losses  would  be  in  a  state  of  balance. 

Other  soils,  formed  under  different  conditions,  would  be  quite 
different  from  this  one.  Strong  differences  in  climate  make  strong 
differences  in  vegetation  and  the  soils  formed  under  the  vegetation. 

(2)  In  discussing  climate  and  soil,  Kellogg  emphasizes  the  refine- 
ments and  complexities  rather  than  the  broader  and  simpler  relation- 
ships. There  are  many  variations  to  be  taken  into  account.  Vegeta- 
tion, for  example,  modifies  climate  locally;  wind,  sunlight,  rain,  snow 
are  different  under  a  dense  forest,  under  grass,  under  sparse  desert 
vegetation.  Within  the  soil  itself,  the  climate  is  again  modified. 
Steep  slopes  and  gentle  slopes,  slopes  facing  the  sun  and  those  facing 
away  from  it,  even  small  mounds  and  shallow  pits,  all  have  different 
effects  on  the  climate  at  the  surface  and  under  the  soil.  Changes  in 
air  pressure  at  the  surface  are  recorded  instantly  in  the  soil,  even  deep 
down,  because  of  the  pore  spaces  into  which  the  air  enters. 

Soil  temperatures  are  different  on  south  slopes  and  on  north  slopes, 
and  a  vegetative  cover  makes  a  difference  also.  The  temperature  of 
the  soil  is  especially  influenced  by  the  amount  of  water  and  the 
amount  of  organic  matter  it  contains;  the  less  water  and  the  loss 
organic  matter,  the  more  quickly  the  soil  responds  to  changes  in  air 
tomperature.  The  temperature  of  the  rain  itself  also  has  an  influence. 
Evaporation,  of  course,  has  a  cooling  effect  and  greatly  modifies  the 
heat  coming  from  the  sun. 
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The  internal  structure  of  the  soil  is  a  very  important  factor  in  deter- 
mining how  much  rainfall  it  will  absorb;  an  impervious  soil  on  a  steep 
slope  will  take  in  little  water  and  be  arid  even  in  a  moist  climate.  A 
soil  is  seldom  uniformly  moistened  by  rain;  thus  there  are  differences 
in  internal  climate  not  only  between  different  soils  in  the  same  region 
hut  between  the  different  horizons  of  the  same  soil. 

In  view  of  all  these  complexities  and  major  and  minor  variations, 
Kellogg  implies,  it  is  impossible  to  make  sweeping  statements.  All  the 
factors  in  a  given  situation  at  a  given  time  must  be  known  and  taken 
into  account. 

(3)  Leaching  or  lack  of  leaching,  directly  due  to  the  amount  of 
rainfall,  makes  a  vast  difference  in  soil  types.  In  humid  regions,  the 
more  soluble  constituents  are  washed  out;  in  subhumid  regions  only 
the  most  soluble  minerals,  leaving  the  less  soluble  ones,  such  as  lime, 
to  accumulate  below  the  surface.  In  semiarid  regions  there  is  still 
less  leaching. 

There  are  three  main  kinds  of  soils — those  chiefly  influenced  by 
climate  and  vegetation,  called  zonal  soils;  those  in  which  local  factors 
have  overbalanced  climate  and  vegetation,  called  intrazonal  soils; 
and  those  characterized  by  extreme  youth  or  other  conditions  that 
have  prevented  normal  soil  formation,  called  azonal  soils. 

Of  the  zonal  soils,  Kellogg  describes  the  four  most  sharply  different 
groups — Podzols,  Laterites,  Chernozems,  and  Desert  soils.  These 
have  already  been  briefly  characterized  in  this  summary  in  connection 
with  Thornthwaite's  article,  Climate  and  the  World  Pattern.  All  the 
other  groups  of  zonal  soils,  Kellogg  points  out,  are  more  or  less  transi- 
tional between  these  four. 

Intrazonal  soils  include  those  that  are  poorly  drained — in  the  humid 
regions,  Bog,  Half-Bog,  and  meadow  soils  (Wiesenboden) ;  in  the  arid 
regions,  saline  and  alkali  soils,  in  which  salts  have  accumulated.  Also 
included  are  Planosols,  which  have  a  hard  claypan  or  siltpan  under 
the  surface  owing  to  lack  of  natural  erosion,  and  Rendzinas — bJack 
soils  developed  from  soft  calcareous  marl  or  chalk.  Azonal  soils 
include  the  barren,  rocky  soils  on  steep  slopes  and  the  frequently 
rich  Alluvia]  soils  of  actively  growing  deltas  and  flood  plains. 

(4)  Soil  fertility  is  measured  by  the  amount,  balance,  and  availa- 
bility of  the  chemical  compounds  that  influence  plant  growth.  Soil 
productivity  is  quite  different  and  much  more  complex.  The  pro- 
ductivity of  a  soil  depends  not  only  on  its  chemical  nutrients  but  also 
on  its  physical  condition,  its  slope,  the  amount  and  distribution  of 
rainfall,  seasonal  temperatures,  the  frequency  and  severity  of  droughts 
and  frost,  Lack  of  fertility  can  often  be  corrected  by  management 
practices  if  it  pays  to  do  so,  and  mamr  soils  of  comparatively  low 
fertility  have  been  made  very  productive  by  management. 

In  considering  soil  exhaustion,  Kellogg  again  emphasizes  the  com- 
plexity of  the  problem.  Maintaining  the  soil  is  not  simply  a  matter 
of  replacing  nutrients  or  of  any  other  single  treatment,  because  no 
one  factor  acts  by  itself.  The  climate,  the  slope,  the  amount  of 
nutrients,  the  rate  at  which  they  become  available  for  plants,  the 
depth  of  plant  roots,  the  ability  of  the  plant  to  use  certain  nutrients — 
all  these  things  act  together.  Cultivation  does  not  necessarily 
reduce  the  productivity  of  the  soil  or  even  lead  to  erosion;  whether 
it  does  or  not  depends  on  particular  management  practices  in  relation 
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to  these  other  factors.  Nor  are  deficiencies  of  nutrients  in  the  soil 
necessarily  due  to  wholesale  removal  of  chemicals  by  crops.  Rather, 
there  are  specific  deficiencies  related  to  particular  soil  types  and 
management  practices.  The  structure  of  the  soil — its  permeability 
to  water  and  to  roots — is  as  important  as  the  nutrient  supply.  "In 
order  to  maintain  good  structure,"  says  Kellogg,  "most  soils  must 
be  devoted  periodically  to  grass  or  close-growing  legumes." 

(5)  Kellogg  concludes  that  there  is  no  "best  use"  for  any  combina- 
tion of  soil  and  climate  in  the  abstract.  The  range  of  possible  uses 
is  less  with  some  soils  than  with  others,  but  many  soils  can  be  used 
in  a  dozen  or  more  different  ways,  and  which  one  is  chosen  depends 
on  prices  of  farm  products,  available  credit,  transportation,  and 
various  other  factors — including  what  the  farmer  can  do  best  and 
wants  to  do  most.  Each  farm  unit  is  an  individual  problem.  To 
illustrate,  Kellogg  describes  five  different  farms — two  in  the  Southeast 
with  different  soils,  three  in  Michigan  with  the  same  soils — and 
shows  how  various  factors  would  combine  to  determine  what  would 
be  produced  in  each  case. 

Effects  of  Climatic  Factors  on 
Growing  Plants 

Climate  and  weather  are  as  decisive  in  the  development  of  a  plant 
as  home  surroundings  are  in  the  life  of  a  growing  child.  Hildreth, 
Magness,  and  Mitchell  show  how  and  why  in  considerable  detail. 

Temperature,  moisture,  and  light  are  the  big  three  that  have  the 
most  power  over  plant  life.  They  always  work  together  to  produce 
a  given  effect,  but  we  can  understand  them  better  if  we  consider  them 
separately. 

Hopkins  worked  out  a  "bioclimatic  law"  that  covers  mainly  a 
response  to  temperature:  For  each  degree  of  latitude  north  or  south 
of  the  Equator,  and  also  for  each  400-foot  increase  in  altitude,  the  date 
of  flowering  of  plants  of  the  same  species  is  retarded  4  calendar  days; 
for  each  5  degrees  of  longitude  from  east  to  west  on  land  areas  it  is 
advanced  4  calendar  days. 

Temperature  influences  every  chemical  and  physical  process  in 
plants  and  determines  the  great  production  belts  for  various  crops. 
Though  plant  life  as  a  whole  is  enormously  adaptable  (there  are  algae 
that  thrive  in  hot  springs  at  200°  F.,  and  arctic  plants  that  survive 
—  90°),  most  plants  will  grow  only  within  a  much  narrower  range. 
For  each  species  and  variety  there  is  a  minimum  below  which  growth 
is  not  possible,  an  optimum  at  which  growth  is  most  rapid,  a  maximum 
beyond  which  growth  stops;  and  these  temperatures  may  vary  with 
different  stages  of  development  (seedlings,  for  example,  may  grow 
well  at  comparatively  low  temperatures).  The  optimum  temperature 
is  not  always  the  best  for  commercial  production,  since4  it  may  produce 
too  rapid  growth,  but  some  temperature  near  the  optimum  is  usually 
tial. 

Plants  escape  cold  injury  in  various  ways.  Some  complete  their 
life  cycle  before  cold  weather  arrives;  others  die  down  to  the  roots; 
others  have  developed  the  power  to  resist  cold  during  a  dormant  or 
semidormant  period,  though  no  one1  has  yet  discovered  what  this 
resistance   really  consists  of.     Nevertheless,   damage   from   cold   is  a 
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universal  hazard  throughout  the  United  States,  even  in  subtropical 
fruit-growing  areas,  because  for  economic  reasons  production  is  always 
being  extended  beyond  the  safe  seasonal  and  geographic  limits.  One 
of  the  objects  of  plant  breeding  is  to  make  this  extension  possible 
by  creating  hardier  strains. 

"  The  authors  describe  several  types  of  cold  injury.  Many  plants 
make  a  surprising  recovery  because  not  all  their  parts  are  equally 
affected  by  cold.  Nor  is  cold  always  harmful.  All  of  our  deciduous 
fruit  trees,  for  example,  go  into  a  rest  period  during  which  no  growth 
occurs,  and  under  natural  conditions  only  a  cold  spell  will  break 
this  rest  and  enable  the  plant  to  start  growing  again.  This  is  the 
reason  for  the  cold  storage  of  bulbs  and  the  chilling  of  rhubarb  roots 
as  commercial  practices.  Again,  winter  wheat  requires  a  cold  period 
in  the  germination  and  early  seedling  stages,  or  it  will  not  head  later 
on.  An  artificial  cold  treatment  ("vernalization")  of  the  partly 
germinated  seed  will  accomplish  the  desired  result. 

Several  types  of  heat  injury  are  also  described  by  the  authors. 
They  point  out  that  heat  treatment  of  floral  parts  is  now  used  to 
increase  the  number  of  chromosomes  in  the  cells — a  method  under 
investigation  for  producing  new  types  of  plants. 

Moisture  relationships  divide  plants  into  three  broad  groups.  The 
camels  of  the  plant  world  are  the  xerophytes;  they  have  remarkable 
adaptations  to  drought.  At  the  other  extreme  are  the  hydrophytes — 
the  ducks  of  the  plant  world  (rice  is  practically  a  hydrophyte).  In 
between  are  the  mesophytes,  the  average  citizens  of  the  plant  world. 
They  include  practically  all  agricultural  crop  plants  and  they  can 
usually  adapt  themselves  somewhat  to  extremes  if  they  have  to. 

Actively  growing  plant  parts  (not  woody  parts)  usually  contain 
75  to  90  percent  of  water.  In  addition,  relatively  large  amounts  of 
water  are  constantly  passing  through  the  plant  and  being  evaporated 
(transpired)  by  the  leaves.  Root  systems  to  supply  this  steady  flow 
of  water  are  far  more  extensive  than  most  people  realize;  gTass  roots 
often  go  down  16  feet.  Good  soil  structure  is  perhaps  more  important 
than  anything  else  from  a  moisture  standpoint;  a  soil  with  a  right 
structure  will  often  hold  enough  available  water  to  mature  a  crop 
even  if  there  is  no  rain  throughout  the  entire  growth  period.  Plants 
as  well  as  soils  differ  in  moisture  efficiency ;  in  one  study,  a  variety  of 
alfalfa  used  963  pounds  of  water  to  build  a  pound  of  dry  matter  and 
another  variety  only  651  pounds;  one  variety  of  millet  required  444 
pounds  and  another  only  261.  This  of  course  is  a  fundamental 
factor  in  the  adaptation  of  agricultural  plants  to  various  regions;  it 
means,  too,  that  not  only  water-conserving  farm  practices  but  plant 
breeding  can  be  used  to  overcome  limitations  in  the  water  supply. 

Light,  the  third  great  climatic  factor,  has  effects  as  fundamental  as 
those  of  temperature  and  moisture.  The  less  light,  the  more  a  plant 
grows  in  length;  hence  growth  speeds  up  at  night  and  slows  down  in 
the  daytime;  hence,  too,  seedlings  grow  relatively  fast  under  the  soil. 
For  the  process  of  food  manufacture  within  the  plant,  on  the  other 
hand,  light  is  essential.  With  many  plants,  day  length  rather  than 
temperature  sots  the  time  of  maturity;  they  will  flower  and  produce 
seed  only  when  the  days  are  of  the  right  length — some  requiring  long, 
some  short  days.  Varieties  of  the  same  plant  (soybeans,  for  example) 
may  differ  in  these  requirements,  and  this  too  is  sometimes  important 
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in  crop  distribution  and  plant  breeding.  The  intensity  of  the  light 
has  different  effects  on  different  plants.  Some  reach  maximum  pro- 
duction with  high  light  intensity — as  in  irrigated  areas  in  arid  regions. 
Others — sunflower,  buckwheat,  tobacco — produce  more  when  slightly 
shaded. 

Influence  of  Climate  and  Weather  on  Growth  of  Corn 

Corn  is  more  widely  distributed  over  the  world  than  any  other 
cereal,  which  means  that  it  has  exceptionally  wide  adaptability. 
Each  climate  has  its  characteristic  varieties,  ranging  from  those  less 
than  2  feet  tall,  with  8  or  9  leaves,  maturing  in  60  to  70  days,  to  those 
over  20  feet  tall,  with  42  to  44  leaves,  maturing  in  10  to  11  months. 
For  this  achievement,  which  has  no  equal  in  plant-breeding  history, 
Jenkins  gives  credit  to  the  American  Indians,  who  originally  devel- 
oped types  suited  to  the  places  where  they  lived,  from  Canada  to 
Peru.  The  white  man  has  been  carrying  on  this  work  of  breeding  for 
adaptability  to  climate. 

The  outstanding  fact  emphasized  by  Jenkins  is  the  difference  in 
the  adaptability  of  different  strains  of  corn  to  climatic  factors.  Though 
most  corn  cannot  germinate  satisfactorily  below  50°  F.  and  is  very 
susceptible  to  seedling  diseases  below  55°,  inbred  and  open-pollinated 
strains  show  enough  differences  to  warrant  efforts  to  breed  strains 
suitable  for  planting  in  cold  soil.  The  same  thing  holds  true  for  re- 
sistance to  excessive  heat,  especially  when  combined  with  drought. 
Some  inbreds  and  hybrids  are  very  much  less  damaged  than  others, 
and  there  is  definite  evidence  that  heat  tolerance  is  inherited.  Simi- 
larly, some  strains  produce  viable  pollen  and  have  receptive  silks  at 
temperatures  too  high  for  others. 

For  best  growth  and  production  corn  requires  a  plentiful  supply  of 
moisture  well-distributed  throughout  the  growing  season.  The  rate 
of  evaporation  has  a  great  influence  on  the  water  demands  of  the 
plant,  and  in  some  seasons  evaporation  is  very  much  higher  than  in 
others.  In  moisture  needs  too  there  is  a  difference  in  strains.  The 
Pueblo  Indians  in  the  Southwest  have  an  ancient  type  of  corn  that 
can  be  planted  a  foot  deep  to  be  near  moisture  in  ground  dry  on  top. 
Other  varieties  could  not  push  up  to  the  surface  from  this  depth,  but 
this  variety  can  produce  fair  crops  in  semiarid  New  Mexico  and 
Arizona.  Modern  plant  breeders  have  developed  varieties  that  are 
somewhat  drought-resistant,  and  special  farm  practices  also  are  useful 
in  overcoming  the  handicap  of  deficient  moisture. 

Again,  strains  differ  in  their  ability  to  recover  from  freezing  injury 
during  the  seedling  stage;  a  corn  grown  by  Indians  in  the  mountains 
of  Mexico  is  said  to  withstand  severe  freezing  when  it  is  2  feet  tall. 
Some  strains  can  withstand  a  fall  temperature  of  )V2°  K.  for  several 
hours  without  great  injury. 

Length  of  day  has  a  marked  effect  on  the  time  of  flowering  and  of 
ripening.  Northern  varieties  grown  near  the  Equator,  where  the 
summer  days  are  short,  ripen  more  quickly;  southern  varieties  moved 
to  the  north  ripen  later.  In  general,  a  variety  ripens  1  day  earlier 
or  later  for  each  10  miles  north  or  south  of  a  given  starting  point,  if 
altitude  remains  the  same.     This  means  that   southern   varieties  of 
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corn  can  be  used  in  the  north  to  produce  a  greater  amount  of  silage 
because  they  have  a  longer  period  of  vegetative  growth. 

Many  of  the  new  corn  hybrids  are  exceptionally  resistant  to  lodg- 
ing— often  caused  by  high  winds — and  this  is  of  great  importance  in 
machine  harvesting. 

Jenkins  discusses  a  number  of  other  relations  of  climate  to  corn 
growing  and  gives  figures  showing  the  distribution  of  corn  production 
throughout  the  world. 

Climate  and  Small  Grains 

There  are  ways  of  partly  overcoming  the  hazards  of  climate  and 
weather  in  the  case  of  small  grains.  Plant  explorers  search  the  earth 
for  varieties  that  will  stand  up  against  drought  and  cold,  mature 
quickly,  and  resist  the  diseases  prevalent  in  certain  climates ;  and  these 
introductions  are  used  by  breeders  to  develop  still  better  varieties. 
Special  cultural  practices  are  also  used — for  example,  early  prepara- 
tion of  the  ground,  planting  at  just  the  right  time,  seeding  in  stubble 
or  furrows. 

Salmon  first  tells  how  climate  affects  the  distribution  of  small 
grains;  then  how  climate  and  weather  affect  growth,  yields,  and 
quality. 

Precipitation,  length  of  growing  season,  and  winter  temperatures 
are  the  main  factors  limiting  the  regions  of  production.  Most  of 
these  regions  have  not  less  than  15  and  not  more  than  45  (preferably 
not  more  than  30)  inches  of  rainfall  a  year,  though  with  special  prac- 
tices and  suitable  distribution  of  the  rainfall,  wheat  is  grown  where 
there  is  only  10  inches.  Diseases,  leached  soils,  excessive  growth  and 
lodging,  and  other  difficulties  prevent  production  (except  in  the  case 
of  rice)  in  regions  of  high  rainfall.  In  general,  a  frost-free  growing 
season  of  at  least  100  days  is  necessary  for  the  small  grains,  though 
here  again  the  limits  are  sometimes  extended,  in  spite  of  the  extra 
hazards,  to  90  days  or  less.  Where  there  is  a  short  season,  only 
spring-sown  grains  can  be  grown.  Winter  temperatures  as  well  as 
the  length  of  the  growing  season  limit  the  production  of  winter 
(fall-sown)  grains;  rye  is  the  most  cold-resistant  and  can  be  grown 
farthest  north.  Toward  the  Poles  the  extra  length  of  summer  days 
becomes  a  factor  in  grain  growing,  overcoming  some  of  the  handicap 
of  a  short  season  by  enabling  the  crop  to  mature  earlier. 

In  discussing  the  effects  of  weather  on  growth,  Salmon  considers  first 
the  fall,  then  the  winter,  then  the  spring  and  summer. 

Fall  weather  is  of  some  importance  to  grains  seeded  the  following 
spring  because  it  affects  the  amount  of  available  moisture  and  plant 
foods,  especially  nitrates;  but  it  has  more  extensive  effects  on  winter 
grains.  With  them  the  amount  of  moisture  determines  whether  the 
seed  will  germinate  promptly,  or  not  at  all,  or  not  until  spring.  If  it 
does  not  germinate  until  spring,  the  crop  may  not  mature,  or  it  may 
mature  late  and  be  subject  to  damage  by  rust,  heat,  and  drought. 
The  amount  of  fall  growth  is  also  important.  In  the  East,  it  is  desir- 
able to  have  large  plants  to  resist  soil  heaving;  in  the  semiarid  areas, 
too  much  fall  growth  may  deplete  moisture  and  nitrates  or  result  in 
lodging.     The  hardening  of  plants  to  resist  winter  temperatures  is 


Climate  and  Man — A  Summary     •     33 

extremely  important;  warm,  rainy  weather  in  the  fall  may  be  dis- 
astrous from  this  standpoint.  Just  what  "hardening"  really  is  is 
not  known,  but  it  seems  to  be  related  to  the  accumulation  of  sugars 
in  the  plant,  induced  by  cold  weather. 

Winter  weather  is  important  chiefly  for  its  relation  to  winter  killing, 
which  is  caused  by  the  freezing  of  the  crowns  or  roots,  heaving  of  the 
soil,  "smothering"  of  the  plant  under  ice  or  snow,  and  drought  within 
the  plant  tissues.  Salmon  thinks  it  is  debatable  whether  this  internal, 
or  physiological,  drought  really  causes  winter  killing ;  external  drought, 
however,  can  kill  plants  in  winter  as  well  as  at  any  other  time  of  the 
year.  Heaving,  caused  by  alternate  freezing  and  thawing,  is  most 
important  in  the  East.  It  is  doubtful  whether  plants  really  "smother" 
under  snow  and  ice,  though  this  may  occur  if  they  are  covered  by 
water  when  the  snow  or  ice  melts.  Actual  freezing  of  crowns  or  roots 
seems  to  depend  largely  on  the  quantity  of  ice  formed  within  the  cells. 
Hardened  plants  can  withstand  some  freezing  without  injury,  but 
hardiness  decreases  in  late  winter. 

The  most  important  factors  in  spring  and  summer  weather  are  late 
frosts,  high  temperatures,  and  moisture  supply.  Spring-planted 
grains  usually  escape  freezes  without  much  damage,  but  winter  grain 
is  sometimes  extensively  damaged,  and  this  has  forced  the  use  of  late- 
maturing  varieties  in  the  southern  Great  Plains.  There  are  marked 
differences  in  cold  resistance  between  different  varieties  of  the  same 
kind  of  grain — a  fact  that  makes  it  possible  to  reduce  losses  con- 
siderably by  using  the  hardier  varieties.  High  temperatures  are 
especially  harmful  at  the  heading  stage  or  between  heading  and 
ripening,  probably  because  they  are  accompanied  by  excessive  tran- 
spiration, which  rapidly  reduces  the  available  moisture. 

Weather  is  undoubtedly  the  most  important  factor  in  grain  yields, 
but  the  relationships  are  extremely  complicated,  Salmon  points  out, 
and  it  is  not  yet  possible  to  forecast  a  crop  accurately  from  a  study  of 
weather  data — desirable  as  that  would  be  for  farmers  and  the  grain 
industry.  It  is  possible,  however,  to  make  very  general  advance 
estimates  of  yields  of  winter  wheat  in  the  Great  Plains  by  determin- 
ing the  depth  of  moisture  in  the  soil  at  seeding  time  in  the  fall  and 
correlating  this  with  the  subsequent  rainfall  during  the  winter.  Simi- 
lar methods  have  recently  been  worked  out  for  spring  wheat. 

Salmon  discusses  at  some  length  the  relation  of  climate  and  weather 
to  the  quality  of  grain,  and  especially  the  protein  content  of  wheat. 
There  have  been  several  theories  about  the  latter.  He  comes  to  the 
conclusion  that  protein  content  is  high  in  dry  climates  and  in  dry 
years  because  (1)  there  is  more  nitrogen  in  the  soil  under  these  condi- 
tions, partly  because  of  reduced  leaching;  (2)  vegetative  growth  is 
reduced,  so  that  less  nitrogen  is  used  for  this  purpose  and  more  is  left 
to  make  protein  in  the  seeds;  (3)  yields  may  be  reduced,  so  that  a 
given  amount  of  nitrogen  is  concentrated  in  a  smaller  total  quantity 
of  seeds. 

Salmon  concludes  his  article  with  an  account  of  the  production  of 
each  of  the  small  grains  throughout  the  world,  going  into  considerable 
detail  regarding  the  principal  producing  areas  in  the  Tinted  States 
and  Canada. 
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Climate  and  Sorghum 

Martin  gives  much  useful  information  about  sorghum  in  a  brief 
space.     Among  his  facts  are  these: 

Until  recently  grain  sorghums  could  be  grown  only  where  there 
was  a  frost-free  season  of  at  least  160  days,  a  mean  July  temperature 
of  at  least  75°  F.,  and  an  average  precipitation  of  at  least  17  inches. 
New  varieties  developed  by  plant  breeders  can  be  grown  with  a  season 
as  short  as  130  days,  a  mean  July  temperature  of  70°,  an  average  pre- 
cipitation of  15  inches. 

Sorghums  can  produce  a  crop  under  hot,  dry  conditions  because 
they  have  a  corky  skin  covered  with  wax,  which  reduces  transpiration 
and  drying;  they  are  actually  perennials  under  frost-free  conditions 
and  can  remain  dormant  during  a  short  drought,  sending  up  new  tillers 
when  moisture  again  becomes  available;  and  they  have  a  large  num- 
ber of  fibrous  roots. 

Sorghums  should  not  be  planted  until  after  all  danger  of  spring 
frosts  is  over.  Damage  from  fall  frosts  can  be  minimized  by  the  right 
choice  of  varieties  and  planting  dates.  The  earliest  sorgo  varieties 
(not  grain  sorghums)  will  ripen  in  80  days. 

Heading  is  hastened  by  short  days  and  delayed  by  long  ones. 
Most  tropical  varieties  will  not  head  in  the  United  States  for  this 
reason,  but  some  developed  in  this  country  will  mature  grain  with 
days  as  long  as  16  hours.  Early-maturing  varieties  grown  under 
the  long-day  conditions  in  the  North  may  produce  larger  plants  than 
they  do  in  the  South. 

At  least  11  to  12  inches  of  rain  on  sandy  soils  and  13  to  14  on  loam 
soils  is  required  to  produce  any  grain  worth  harvesting;  each  inch  of 
rain  above  these  lower  limits  may  mean  an  additional  2  to  2^  bushels 
per  acre.  Failures  can  be  reduced  by  thin  planting,  wide  spacing  of 
rows,  and  the  use  of  drought-escaping  varieties. 

An  inch  of  water  saved  by  cultural  practices  is  as  good  as  an  extra 
inch  of  rainfall.  Yields  of  milo  in  the  southwestern  Great  Plains 
have  been  increased  50  to  90  percent  by  summer  fallowing,  which 
conserves  soil  moisture. 

Climate  and  Cotton 

Cotton  is  being  planted  and  picked  somewhere  in  the  world  every 
day  in  the  year.  So  useful  is  the  fiber  that  many  efforts  have  been 
made  to  extend  production  beyond  the  naturally  favorable  climatic 
regions,  and  in  modern  times  some  of  these  efforts  have  been  successful 
through  the  breeding  of  rapid-fruiting,  early-maturing  varieties.  It 
is  now  generally  agreed,  Doyle  writes,  that  the  climatic  requirements 
for  successful  commercial  production  are  a  mean  annual  temperature 
of  not  less  than  60°  F.  or,  under  certain  otherwise  favorable  condi- 
tions, of  not  less  than  50°;  a  frost-free  season  of  180-200  days;  annual 
rainfall  of  not  less  than  20  and  not  more  than  75  inches,  with  suitable 
seasonal  distribution;  open,  sunny  weather  at  least  half  the  time 
throughout  the  year. 

Weather  conditions  have  an  enormous  influence  on  yield  and 
quality.  Cotton  thrives  best  when  there  is  a  mild  spring  with  light, 
frequent  showers;  a  moderately  moist  summer,  warm  both  day  and 
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night:  sunny  weather  during  the  period  of  bloom:  a  dry.  cool,  pro- 
longed autumn.     On  the  other  hand,  there  is  a  long  list  of  unfavorable 
conditions.     Cold  wet   weather  in   spring  may  rot   the  seed.   : 
seedling  growth,  favor  cutworms  and  seedling     is     -  -       EUuus  that 
cause  the  soil  to  pack  or  crust  at  planting  time  may  ruin  the  stand. 
and  too  little  moisture  may  prevent  germination.     Cold  winds,  sand- 
storms, and  duststorms  early  in  th     -     -       may  kill  seedlii:.- 
nights  and  hot  days  while  the  plants  are  young  favor  the  cotton  louse. 
Heavy  rains  and  low  temperatures  in  May  and  June  favor  di- 
and  insects.     A  wet   summer  induces  too  much   v   _  e  growth 

and   favors   the  boll  weevil.     S  -iimrner  drought   often  stunts 

the  plants  and  causes  too  early  maturity.     Rainy  weather  at  picking 
time    retards    maturity,    interrupts    picking,    damages    the    ex: 
fiber.     Hailstorms  during  the  growing  or  harv  _       ason  ma,] 

much  damag 

Doyle  points  out  that  the  peculiar  fruiting  habit  of  the  cotton 
plant  makes  it  sensitive  to  weather  conditions  over  an  exceptionally 
long  period.     Flowers   appear  prog  _  ya      n   the 

fruiting  branches  that  develop  up  the  main  stalk,  ami  or  7 

days  outward  along  the  fruiting  branches.  Throughout  the  entire 
period  of  progressive  fruit  formation,  weather  influences  the  quantity 
of  fruit  formed,  the  amount  of  shedding,  the  size  of  bolls,  and  the 
quality  of  the  fiber.  Among  the  causes  of  shedding  are  insects  and 
diseases,  high  temperatures  that  result  in  moisture 

through   transpiration   and   evaporation,   heavy  and  continous  rain, 
abrupt  changes  in  weather,  imperfect  pollination  due  to  rain,  and 
root  injury.     The  principal  cause  is  probably  lack  of  sufficier. 
moisture. 

Boll  weevils  increase  rapidly  son  advances,  and  practically 

all  the  buds  developed  later  than  July  are  apt  to  be  si  fed.  This 
major  handicap  of  cotton  production  has  been  met  by  breeding 
rapid-fruiting,  early-maturing  varieties  and  working  out  cultural 
practices  that  favor  earlim  — 

Federal  and  State  cooperative  studies  carried  out  in  great  detail 
have  proved  that  both  inherited  characte:  I  weather  e 

the  yield  and  fiber  qualities  of  cotton.  It  has  not  been  possible, 
however,  to  work  out  an  accurate  method  of  local  crop  forecasting 
based  on  local  weather  conditions.  Doyle  believes  this  is  partly 
because  the  right  kind  of  weather  data  are  not  available — there  is 
little  or  no  information,  for  example,  on  such  extremely  important 
factors  as  soil  moisture  and  transpiration — and  partly  because  the 
long  fruiting  period   of  the  cotton  plant   mak  -  stic  chang  - 

yields  possible  up   to   the  last   minute.     For  the  Cotton  Belt 
whole,    however,    seasonal    report-  rop    forecasts    have    been 

rkably  accurate. 

Cotton  is  bought  on  the  basis  of  _  5,  and  Doyle  points 

out   that   exposure  to  the  weather  through  c;:        se  -      _   and 

storing  is  responsible  for  enormous  losses  to  growers,  much  of  it  pre- 
ventable. Cotton  that  is  dull  _  or  blue  as  I 
picking  and  exposure  in  the  field  sells  for  about  $1£  ner  500-pound 
bale  than  high-grade  white  (\-inch  staph-  .  -  reatly 
damaged  by  careless  harvesl  _  A  "00-pound  bale  of 
cotton  left  uncovered  flat  on                                       y   130  poum- 
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damaged  at  the  end  of  S  months  as  compared  with  499  pounds  un- 
damaged in  a  bale  stored  in  a  warehouse. 

At  the  end  of  his  article  Doyle  discusses  the  areas  of  production  of 
all  the  commercial  types  of  cotton  throughout  the  world,  yields  in 
the  principal  regions',  and  the  soils  and  climate  of  the  Cotton  Belt 
of  the  United  States. 

Climate  and  Tobacco 

Tropical  in  origin,  toba  -Town  under  a  wide  ran^ 

climatic  and  soil  conditions  as  far  north  as  central  Sweden,  as  far 
south  as  southern  Australia.  The  moisture  requirements  of  the  plant 
are  high  because  of  its  great  leaf  area  and  the  desirability  of  rapid 
growth.  Heavy  yields,  on  the  other  hand,  are  not  desired  because 
they  mean  lower  quality.  Among  the  most  serious  weather  hazards 
are  hail  and  high  winds,  which  can  seriously  damage  the  large  leaves. 
The  ravages  of  the  wildfire  disease  also  usually  depend  on  weather, 
as  it  attacks  the  leaves  of  certain  tobacco  types  when  they  are 
water-soaked  by  wind-driven  rain.  If  plants  resistant  to  water 
soaking  can  be  bred,  they  should  also  be  resistant  to  wildfire. 

Garner  discusses  some  of  the  more  important  growth  requirements 
of  tobacco  but  emphasizes  the  relation  of  climate  and  weather  to 
quality.  Certain  specific  qualities  divide  tobacco  into  different 
types  suitable  for  different  uses,  and  each  type  in  turn  has  its  own 
special  quality  requirements.  The  size,  shape,  color,  veining.  elas- 
ticity, combustibility,  minute  structure,  and  chemical  composition 
of  the  leaf  determine  these  qualities,  and  each  of  these  factors  i- 
affected  by  the  environment  of  the  plant. 

For  example:  Too  low  temperatures  may  prevent  the  full  ripeness 
3sary  for  the  best  quality.  High  temperatures  reduce  the  water 
content  of  the  plant  and  favor  strong  aroma  and  thickening  of  the 
leaf.  Optimum  moisture  conditions,  partial  shade,  and  absence  of 
wind  favor  the  production  of  a  large,  broad,  thin,  fine-veined,  open- 
textured,  elastic,  light-colored,  bright  leaf  with  low  nicotine  content, 
weak  aroma,  and  little  resinous  matter — the  type  required  for  cigar 
wrappers.  Less  favorable  moisture  conditions  mean  a  smaller, 
narrower,  denser,  heavier,  thicker-veined,  less  elastic,  darker  colored, 
duller,  slower  burning  leaf  with  more  nicotine,  stronger  aroma,  and 
more  resin — qualities  desired  in  different  degrees  in  cigar-filler,  cigar- 
ette, pipe-smoking,  chewing,  and  snuff  tobacc- 

S  ftsonal  variations  in  weather  will  naturally  affect  the  quality  of 
leaf,  just  as  regional  differences  in  climate  affect  both  type  and 
quality.  Research  in  recent  years  has  shown  how  to  modify  moisture 
conditions  to  some  extent  by  fertilizer  practices  and  the  use  of  the  right 
kind  of  organic  matter  in  the  soil.  The  methods  of  topping  and  suek- 
erine:  also  have  some  effect  on  moisture  relations. 

In  general,  what  the  tobacco  grower  wants  is  rapid,  uninterrupted 
growth  throughout  tl  mewhat  limited  rainfall  during  the 

early  light   and  infrequent  rains  during  the  ripening  period, 

not  too  much  humidity  during  curing  (if  this  is  done  without  artificial 
heat),  and  a  period  of  damp  weather  after  curing. 

By  way  of  illustrating  his  points.   Garner   d  the 

most  famous  tobaccos  in  the  world  and  the  conditions  under  which 
they  are  produced. 
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Climate  and  Vegetable  Crops 

Boswell  and  Jones  think  Mark  Twain  was  wrong  when  he  said  that 
nobody  does  any  tiling  about  the  weather  though  everyone  talks 
about  it.  From  a  vegetable  grower's  standpoint  a  good  deal  has 
been  done  about  the  weather.  The  native  range  of  many  vegetable 
plants  was  very  narrow  and  they  had  very  exacting  climatic  require- 
ments, yet  they  are  now  grown  over  much  of  the  earth  in  climates 
quite  different  from  those  in  their  old  homes.  There  are  many  ways 
of  accomplishing  this.  Seed  is  produced  in  the  most  favorable  regions, 
often  far  removed  from  the  places  where  {he  plants  are  grown  for 
food.  Short-season  plants  are  grown  to  follow  the  inarch  of  the 
seasons,  northward  in  the  spring,  southward  in  the  fall.  Young 
plants  are  started  in  the  South,  shipped  to  the  North  for  transplanting 
to  the  field  weeks  later.  Greenhouses,  hotbeds,  coldframes,  plant 
covers  are  employed  to  lengthen  the  growing  season.  Irrigation  is 
used  to  overcome  drought  and  make  deserts  productive.  New 
varieties  of  plants  are  bred  to  overcome  some  climatic  handicaps. 
Fresh  products  are  hauled  long  distances  because  of  modern  develop- 
ments in  refrigeration  and  transportation.  Finally,  the  vegetable 
grower  can  generally  take  more  chances  with  the  weather  than 
producers  of  some  other  crops — tree  fruits,  for  instance. 

All  this  means  that  it  is  at  least  possible  to  get  around  the  weather 
if  not  to  change  it.  Nevertheless,  climate  (including  weather)  is 
still  the  most  important  single  factor  in  vegetable  production. 

One  of  the  major  requirements  in  the  production  of  fresh  vegetables 
is  to  avoid  regions  subject  to  sudden  and  extreme  weather  changes. 
They  may  be  ruinous  to  very  early  and  very  late  crops — and  the 
market  gardener  tries  to  get  as  close  to  the  edge  of  the  season  as  possi- 
ble because  that  is  the  time  when  there  is  the  least  competition  in 
his  own  region.  Thus  the  great  market  and  truck-gardening  areas  in 
the  United  States  are  near  large  bodies  of  water,  which  reduce  climatic 
extremes,  or  in  protected  valleys.  Boswell  and  Jones  list  these  areas 
as  (1)  a  belt  along  the  Atlantic  and  Gulf  coasts  from  Massachusetts 
to  Texas,  (2)  a  broad  area  along  the  Great  Lakes  from  New  York 
into  Minnesota,  (3)  certain  intermountain  valleys  in  Colorado,  Utah, 
and  Idaho,  (4)  the  Rio  Grande  Valley  in  Texas,  (5)  the  Pacific  coast 
and  intermountain  valleys  of  Arizona  and  California.  The  last  three 
areas  grow  vegetables  mostly  under  irrigation. 

Climatic  extremes  of  spring  and  fall  do  not  matter  so  much  in  the 
esse  of  vegetables  for  canning  and  freezing  because  it  is  not  necessary 
to  concentrate  on  early  or  late  production.  Thus  they  can  be  grown 
outside  the  great  market-garden  areas — in  the  Corn  Belt,  for  instance. 

There  is  much  commercial  production  in  the  South  in  the  spring 
and  fall,  but  Boswell  and  Jones  point  out  that  midsummer  productiofl 
there  is  a  serious  problem.  High  temperatures  speed  up  maturity, 
shorten  the  harvest  period,  and  hasten  deterioration  after  harvesting. 
Some  important  crops  are  directly  damaged  by  excessive  heat  and 
sunlight.  Certain  insects  and  plant  diseases  flourish  and  lake  a 
heavy  toll.  There  is  great  need  in  the  South  for  new  varieties,  and 
perhaps  for  special  cultural  practices,  that  will  overcome  these  handi- 
caps, not  only  for-  commercial  production  for  shipment  but  also  for 
tin'  sake  of  improving  the  local  supply  of  summer  vegetables.     The 
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breeding  problem  is  being  tackled  by  the  United  States  Vegetable 
Breeding  Laboratory  at  Charleston,  S.  C,  in  cooperation  with  the 
experiment  stations  in  the  Southeastern  States.  Another  area  that 
needs  special  varieties  is  the  high  plateau  region  of  the  Rocky  Moun- 
tains, where  the  main  difficulty  is  the  shortness  of  the  growing  season. 
That  problem  is  being  tackled  by  the  United  States  Cheyenne  Horti- 
cultural Field  Station.  Various  State  stations  are  dealing  with  the 
same  problem  for  other  areas  in  the  country. 

Boswell  and  Jones  divide  the  vegetable  crops  into  four  main  groups 
according  to  certain  climatic  requirements: 

(1)  Cool-climate  crops,  growing  best  at  mean  temperatures  of 
60°-65°  F.,  and  not  tolerant  of  mean  summer  temperatures  above 
70°-75°.  These  include  (a)  very  hardy  crops  not  usually  injured 
by  freezing — cabbage,  brussels  sprouts,  turnips,  rutabagas,  kohlrabi, 
collards,  horseradish,  spinach,  beets,  parsnips;  (b)  crops  usually  dam- 
aged by  freezing — cauliflower,  lettuce,  carrots,  celery,  peas,  potatoes. 

(2)  Crops  adapted  to  a  wide  range  of  temperature  but  not  tolerant 
of  freezing.  These  include  (a)  crops  adapted  to  monthly  mean 
temperatures  of  55°-75°  F. — onions,  garlic,  leeks,  shallots  (all  these 
can  stand  frost  under  certain  conditions);  (b)  crops  adapted  to 
monthly  mean  temperatures  of  65°-80°,  killed  by  frost  or  prolonged 
exposure  near  freezing- — melons,  cucumbers,  squash,  pumpkins, 
tomatoes,  peppers  (hardier  varieties),  sweet  corn. 

(3)  Warm-season  crops  that  will  not  thrive  below  a  monthly  mean 
temperature  of  70°  F. — watermelons,  sweetpotatoes,  eggplant, 
peppers  (tender  varieties),  okra. 

(4)  Perennial  crops — asparagus,  globe  artichoke,  rhubarb. 

The  authors  take  up  each  of  these  crops  in  turn.  They  discuss  the 
weather  conditions  under  which  it  thrives  or  is  damaged,  its  special 
peculiarities  and  problems,  the  results  or  the  possibilities  of  breeding 
work  to  overcome  major  difficulties,  and  the  principal  areas  of  pro- 
duction. This  part  of  the  article  contains  so  many  detailed  facts 
for  most  of  the  crops  that  no  attempt  will  be  made  to  summarize 
it  here. 

Climatic  Adaptation  of  Fruit  and  Nut  Crops 

Climatic  adaptation  divides  fruits  and  nuts  into  three  main  groups. 
(1)  The  tropical  group.  Bananas,  an  example  of  this  group,  will  not 
grow  well  where  the  temperature  ever  goes  below  50°  F.  Strictly 
tropical  fruits  are  grown  very  little  in  the  United  States.  (2)  The 
subtropical  fruits — usually  evergreen  plants  that  can  stand  temperatures 
slightly  below  freezing  but  do  not  do  well  in  tropical  climates.  (3) 
The  hardy  group — deciduous  plants  that  require  cold  weather  to 
break  a  dormant  period  and  are  therefore  not  adapted  to  tropical 
climates. 

Traub  writes  about  the  subtropical  and  Magness  about  the  hardy 
group.  In  this  brief  summary  of  the  article  only  a  few  examples 
of  the  many  important  effects  of  climate  and  weather  on  these  crops 
can  be  given. 

Of  the  citrus  fruits,  the  Satsuma  orange,  which  can  stand  18°  F., 
can  be  grown  farthest  north.  The  lime  is  injured  at  28°.  Other 
citrus  fruits  are  in  between  these  limits.     Apparently,  says  Traub, 
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temperatures  in  February  and  March  control  flowering  and  influence 
the  time  of  ripening.  Grove  heating,  banking  up  soil  above  the 
bud  union,  and  the  selection  of  hardy  varieties  (Marsh  grapefruit, 
for  instance)  are  used  as  methods  of  combating  cold.  High  tem- 
peratures result  in  a  green  or  yellowish-green  rind  color,  cooler  tem- 
peratures in  a  deep  yellow  or  orange  color.  Normal  production 
requires  35  inches  of  water  a  year  from  rainfall  or  irrigation.  High 
relative  humidity  apparently  has  a  favorable  effect  on  smoothness 
and  thinness  of  skin,  juiciness,  richness;  low  humidity,  with  high 
temperatures,  causes  dropping  of  immature  fruits.  Both  insects 
and  diseases  are  related  to  climate;  certain,  pests  develop  in  humid 
areas,  certain  others  in  dry  areas. 

For  commercial  production,  dates  have  rather  strict  temperature 
and  moisture  requirements.  Old  trees  can  stand  occasional  tempera- 
tures as  low  as  12°  F.  High  temperatures  (110°  or  more)  during 
the  growing  season  are  apparently  beneficial,  but  Deglet  Noor  fruit 
ripening  in  late  August  and  September  is  inferior  to  that  ripening  in 
October  and  November,  when  the  weather  is  cooler.  Dates  require 
irrigation,  a  minimum  of  rainfall,  and  low  humidity  during  the 
maturing  season;  high  humidity  favors  diseases  and  spoilage  of 
fruit.  During  hours  of  full  sunlight,  leaf  growth  ceases;  it  is  now 
thought  that  light  of  certain  wave  lengths  makes  some  growth  sub- 
stance in  the  plant  inactive. 

Dormant  mature  fig  trees  can  stand  a  temperature  of  15°  F.,  but 
cold  injury  is  not  uncommon.  Figs  for  drying  need  long  sunny 
days,  low  humidity,  maximum  temperatures  of  about  100°  F. ;  but 
temperatures  much  higher  than  this  are  harmful.  Rains  while 
blossoms  are  being  fertilized  or  fruit  is  drying  can  cause  serious 
damage.  It  is  reported  that  climatic  differences  affect  the  shape, 
skin  color,  pulp  color,  and  sweetness  of  figs. 

The  buds  of  hardy  fruits  do  not  open  in  the  spring  if  the  trees  are 
not  exposed  to  sufficient  cold,  Magness  points  out,  and  this  is  the 
chief  reason  why  apples  cannot  be  grown  within  150  miles  of  the 
Gulf.  Peaches  can  be  grown  farther  south,  and  pears  of  Asiatic 
types  still  farther.  To  the  north,  on  the  other  hand,  the  growing 
of  these  fruits  is  limited  by  their  ability  to  withstand  cold.  Roots, 
which  fortunately  are  protected  by  soil  and  often  by  snow,  are  the 
most  tender  part  of  the  tree  in  the  dormant  season.  Next  most 
tender  is  the  bark  around  the  collar,  or  crown  ;  next,  the  buds.  Injury 
is  always  greatest  when  warm  weather  immediately  precedes  cold. 
Apples,  sour  cherries,  and  American  plums  can  usually  stand  winter 
temperatures  down  to  —30°  F.,  and  pears,  sweet  cherries,  and 
Japanese  and  European  plums  down  to  —20°,  but  peaches  and  apricots 
are  likely  to  be  severely  injured  at  —15°,  and  fruit  buds  of  peaches  at 
—  10°.  Since  buds  are  most  tender  after  opening,  the  likelihood  of 
cold  injury  in  spring  depends  on  the  time  when  they  open.  Apples 
require  the  equivalent  of  about  30  days  at  70°  before  blossoms  will 
open,  peaches  15-20  days,  apricots  a  still  shorter  time;  thus  apricots 
are  the  most  likely  and  apples  the  least  likely  to  be  injured  by  cold 
in  the  spring. 

All  the  hardy  tree  fruits  require  ample  moisture,  but  some  American- 
type  plums  are  rather  highly  drought-resistant.  All  can  stand  a 
wide  range  of  summer  temperatures,  though  sour  cherries  like  rather 
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cool  conditions,  apples  medium  temperatures,  and  peaches  and 
certain  pear  varieties  rather  high  temperatures. 

Diseases  depend  a  great  deal  on  weather.  Apple  scab  thrives  in 
areas  where  and  in  parts  of  the  season  when  temperatures  are  under 
70°  F.  and  rainfall  is  ample.  Bitter  rot  is  a  high-temperature  disease, 
Fire  blight  of  pears  is  worst  where  spring  temperatures  are  high  and 
rainfall  abundant.  Brown  rot  and  scab  of  peaches  are  favored  by 
abundant  spring  or  summer  rains.  In  general,  fungus  and  bacterial 
diseases  of  fruits  are  least  troublesome  in  the  dry  irrigated  regions. 

Grapes  of  the  vinifera  (Old  World)  varieties  need  only  a  short  rest 
period  and  are  grown  in  the  warm  regions  where  there  is  little  rainfall 
to  favor  fungus  diseases.  In  the  humid  regions,  American  or  American- 
vinifera  hybrids  are  grown;  they  are  less  subject  to  disease  and 
some  are  as  cold-hardy  as  apples.  The  Southeast  grows  the  so-called 
muscadines,  which  require  a  long,  warm  season  and  are  very  resistant 
to  fungus  diseases. 

Strawberries  are  adapted  to  a  wide  range  of  climates,  but  they  are 
very  subject  to  winter  killing  and  must  be  well  protected  in  cold 
regions.  Most  varieties  form  their  fruit  buds  during  the  short  days 
of  September  and  October,  but  in  the  South  they  get  a  second  bud- 
forming  period  on  the  new,  early  spring  growth,  and  this  greatly 
lengthens  the  fruiting  period.  Disease  resistance  is  important  in 
choosing  varieties  for  the  humid  East.  Strawberries  are  subject  to 
drought  injury  because  of  their  shallow  roots.  Raspberries  are  best 
adapted  to  regions  with  cool  summers;  disease  limits  production  in 
the  South,  as  it  does  also  in  the  case  of  currants  and  gooseberries. 
Blackberry  production,  on  the  other  hand,  is  limited  in  the  North 
by  winter  cold.  High-bush  blueberries  (except  the  rabbiteye  group) 
cannot  be  grown  in  the  South  because  of  lack  of  winter  cold. 

The  most  important  of  the  hardy  and  semihardy  nut  crops  are 
walnuts,  pecans,  chestnuts,  almonds,  and  filberts.  Most  of  the  pecans 
in  the  United  States  require  a  long,  hot  growing  season,  free  of  frost 
for  more  than  200  days;  and  they  need  ample  moisture.  The  Persian 
(English)  walnut  varies  in  its  cold  requirement  and  cold  resistance 
according  to  variety;  it  is  not  grown  in  humid  regions  because  of  its 
susceptibility  to  disease.  The  almond  has  about  the  same  climatic 
requirements  as  the  apricot.  The  filbert  does  best  with  a  relatively 
dry  growing  season  and  moderate  summer  temperatures.  Oriental 
chestnuts,  now  being  widely  tested  in  the  United  States,  have  about 
the  same  climatic  range  as  the  black  walnut  but  can  be  grown 
farther  south. 

Climatic  Relations  of  Sugarcane  and 
Sugar  Beet 

Brandes  and  Coons  clearly  bring  out  a  very  important  point  about 
climate  and  agricultural  production. 

The  climate  of  a  given  region  is  seldom  entirely  favorable  to  all  the 
crops  we  may  need  or  wish  to  grow  within  that  region.  High 
temperatures  may  interfere  with  satisfactory  crop  production,  or 
low  temperatures,  usually  taking  the  form  of  shortening  the  cropping 
season,  may  reduce  yields  or  quality.  Similarly,  moisture  variations 
may    be   beyond    the   adjustment   limits   of   the   crop,    the   common 
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experience  being  a  short  crop  because  drought  stopped  plant  growth. 
It  might  be  advantageous,  especially  in  the  matter  of  seed  production, 
to  have  a  somewhat  different  length  of  day.  Further,  the  climatic 
conditions  very  decidedly  affect  the  severity  of  plant  diseases,  and  if 
these  are  favored,  they  may  be  limiting  factors  in  production. 

It  would  be  nice,  of  course,  if  we  could  tailor  the  climate  like  a 
suit  of  clothes  to  make  it  fit  the  crop  more  exactly.  We  cannot,  and 
anyway  it  might  then  be  a  worse  fit  for  other  crops.  What  we  can 
do  is  to  change  the  plant  so  that  it  is  indifferent  to  the  adverse  con- 
ditions or  actually  thrives  under  them.  Nature  imposes  her  limits, 
and  to  adapt  a  plant  to  a  drastically  changed  environment  requires 
that  some  distant  cousin  which  can  thrive  under  such  conditions  be 
available  for  the  plant  breeder  to  use  in  hybridization. 

How  can  this  be  done?  By  studying  all  the  close  relatives  of  the 
plant  (those  in  the  same  species)  and  the  more  distant  relatives  (those 
in  the  same  genus),  and  finding  out  how  they  respond  to  climatic 
conditions  all  over  the  world.  Here  and  there  one  will  be  found 
that  responds  much  better  to  some  condition  of  our  own  region  than 
the  plant  we  are  using.  By  suitable  breeding  work  a  number  of 
desirable  qualities  can  then  be  combined  to  make  a  new  plant  that 
will  meet  the  handicaps  we  need  to  overcome.  All  this  involves 
thorough,  systematic  studies  and  the  complicated  methods  used  in 
modern  genetics.  It  is  no  easy  trial-and-error  business,  but  it  can 
give  revolutionary  results,  as  modern  agricultural  science  has  proved 
again  and  again. 

This  is  the  fundamental  story  back  of  Brandes'  discussion  of  climate 
in  relation  to  sugarcane  production.  He  takes  the  reader  on  an 
imaginary  tour  of  the  regions  where  sugarcane  is  produced  throughout 
the  world  and  shows  that  though  there  are  similarities  in  climates, 
the  differences  are  even  more  striking.  Then  he  shows  how  all  our 
sugarcane  in  the  Western  Hemisphere  came  originally  from  one  small 
spot,  the  Melanesian  Islands,  in  the  Pacific  Ocean  northeast  of  Aus- 
tralia. These  islands  are  in  the  Tropics,  and  the  cane  grown  there 
was  closely  adapted  to  particular  tropical  conditions  that  are  dupli- 
cated only  in  very  limited  areas  in  our  part  of  the  world,  and  certainty 
not  in  Temperate  Zone  areas  such  as  Louisiana.  But  although  this 
cane  never  did  very  well  in  our  producing  regions,  nothing  was  done 
to  improve  it.  Meanwhile,  there  are  many  different  kinds  of  sugar- 
cane in  other  parts  of  the  world — northern  India,  for  example,  has 
wild  and  garden  varieties  that  are  very  well  adapted  to  temperate 
regions — but  nobody  used  them  elsewhere,  even  for  breeding  purposes. 

This  situation  has  been  completely  changed  within  the  past  few 
pears.  To  prevent  the  total  collapse  of  the  sugar  industry  in  Louisi- 
ana, a  breeding  project  was  started  that  not  only  saved  the  industry 
hut  gave  it  new  varieties  of  cane  that  are  far  better  producers  than 
used  in  the  past.  Out  of  this  work  came  the  thoroughgoing 
study  of  climate  in  relation  to  sugarcane,  the  collection  and  testing 
of  varieties  from  all  over  the  world,  and  systematic  breeding.  For 
the  first  time,  cane-producing  regions  in  the  Temperate  Zone  are  on 
the  way  to  really  efficient  production  based  on  varieties  suited  to 
temperate  climates. 

The  sugar  beet  is  grown  in  regions  north  of  those  suitable  for 
sugarcane.     Coons  discusses  its  climatic  requirements     temperature, 
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moisture,  day  length — in  some  detail,  and  then  shows  what  is  being 
done  to  meet  specific  problems  posed  by  climate. 

In  recent  years  sugar  beets  have  been  introduced  into  the  Imperial 
Valley  of  California.  This  means  completely  reversing  the  normal 
growth  season,  planting  in  the  fall  instead  of  the  spring.  Now  the 
sugar  beet  is  a  biennial,  producing  seed  the  second  year  after  it  has 
passed  through  its  first  cold  season.  But  if  it  is  grown  in  winter 
instead  of  summer,  there  may  be  enough  cold,  even  in  the  Imperial 
Valley,  to  make  half  of  the  plants  or  more  produce  seed  (bolt)  in 
the  first  year — and  this  interferes  with  sugar  production.  To  make 
efficient  production  possible,  then,  it  has  been  necessary  to  obtain 
strains  or  varieties  that  will  resist  bolting  under  these  conditions. 
Selection  for  this  characteristic,  however,  created  another  problem; 
the  resistant  plants  would  not  produce  seed  when  handled  by  the  usual 
methods  in  certain  established  seed-producing  areas  with  mild  winter 
climates.  This  necessitated  finding  new  areas  adapted  to  growing 
these  nonbolting  types.  The  Pacific  Northwest,  with  its  long,  cool 
winters,  proved  to  be  well  adapted,  and  the  problem  was  met  by 
introducing  sugar-beet-seed  growing  as  a  new  enterprise  for  this 
area.  Fitting  the  sugar-beet  variety  to  the  environment  suited  to 
its  requirements  for  seed  production  has  necessitated  close  study  of 
bolting  in  relation  to  temperature,  day  length,  and  genetic  constitution. 

Sugar-beet  production  was  driven  out  of  favorable  western  areas 
by  curly  top,  a  virus  disease  carried  by  the  beet  leafhopper,  which 
lives  on  certain  range  plants.  Climate  controls  the  range  plants, 
hence  the  size  and  extent  of  the  leafhopper  population,  hence  the 
prevalence  of  curly  top.  The  breeding  of  curly-top-resistant  beet 
varieties  has  made  it  possible  to  grow  the  crop  again  in  districts  once 
abandoned.  More  recently,  beets  have  been  bred  that  are  resistant 
to  leaf  spot,  a  fungus  disease  that  becomes  epidemic  in  some  areas 
under  conditions  of  high  temperature  and  rainy  weather. 

Climate  and  Forage  Crops 

A  vast  carpet  of  grasses  and  legumes  covers  more  than  half  the  land 
in  the  United  States.  Where  there  is  no  carpet  there  are  tilled  acres, 
forests,  deserts,  and  cities;  though  even  in  cities  green  grass  is  cherished 
in  yards  and  parks.  The  pattern  of  this  immense  carpet  is  more 
complicated  and  varied  than  that  of  an  Oriental  rug,  for  it  is  woven 
by  climate,  and  different  plants  must  be  used  for  the  weft  in  different 
places,  cold  and  hot,  wet  and  dry. 

For  thousands  of  years,  only  nature  had  anything  to  do  with  the 
making  of  the  carpet.  Within  the  past  300  years  in  our  country, 
man  has  taken  a  hand.  He  tore  up  nature's  work,  wore  the  carpet 
out  in  many  places,  patched  it  up  with  plants  brought  in  from  other 
countries,  and  at  present  is  engaged  in  a  sincere  effort  to  weave  a 
good  stout  fabric  again.  In  this  effort,  science  plays  a  large  part. 
There  are  thousands  of  plants  to  choose  from,  but  each  different 
environment  sets  conditions  that  only  a  few  of  them  can  meet.  The 
job  of  science  is  to  find  or  develop  the  right  ones  for  each  place  and 
purpose. 

Alfalfa  was  born  in  a  region  of  cold  winters,  hot  dry  summers, 
and  limited  rainfall — southwestern  Asia.     Naturally  it  rather  prefers 


Climate  and  Man — A  Summary     •     43 

these  climatic  conditions  when  it  is  moved  elsewhere.  In  a  humid 
climate  like  that  of  the  eastern  part  of  the  United  States,  it  is  not  so 
long  lived  as  in  the  drier  Midwest  and  West.  Moisture  is  also  asso- 
ciated with  certain  troublesome  diseases — bacterial  wilt  and  black 
stem,  for  example.  Nevertheless,  the  plant  has  a  high  water  require- 
ment, and  under  dry  conditions  the  roots  have  been  known  to  exhaust 
all  the  moisture  40  feet  down  in  the  soil.  Hence  in  a  very  dry  climate, 
irrigation  is  needed  for  abundant  production.  Winter  killing  is 
often  associated  with  lack  of  moisture,  which  reduced  the  vigor  of 
the  plants  during  the  previous  growing  season. 

From  the  standpoint  of  adaptability  tos  temperature  extremes, 
alfalfa  seems  to  be  a  combination  of  Eskimo  and  Fiji  Islander,  surviv- 
ing winter  temperatures  down  to  —84°  F.  and  summer  temperatures 
up  to  120°.  Three  types,  or  groups,  are  now  used  in  the  United 
States — nonhardy  in  the  far  South,  midhardy  farther  north,  hardy 
up  to  the  Canadian  border. 

All  of  our  useful  true  clovers  and  sweetclovers  are  foreign  plants, 
brought  here  by  design  or  accident,  but  some  are  now  quite  different 
from  what  they  were  in  their  original  homes.  Red  clover,  for  example, 
was  exposed  to  a  variable  climate  when  it  first  came  to  this  country; 
only  the  adapted  plants  survived.  When  it  moved  west,  only  the 
heat-resistant  and  more  drought-resistant  plants  survived.  It  was 
attacked  by  leafhoppers,  and  only  the  hairy  types,  avoided  by  hoppers, 
survived.  Diseases  also  got  in  their  work  along  the  line.  Nowadays 
the  plant  breeder  is  taking  a  hand  in  shaping  improved  varieties. 

Clovers  need  a  plentiful  and  uniform  supply  of  moisture,  cool 
temperatures  preferably,  and  ample  light.  Shading  often  cuts  down 
the  stand,  and  in  fact  clovers  did  not  originally  thrive  over  a  very 
wide  area  until  man  began  destroying  other  vegetation.  The  sweet- 
clovers,  some  of  which  are  annuals  and  some  biennials,  originated 
in  drier  regions  than  the  true  clovers  and  are  grown  in  the  Corn 
Belt,  the  Great  Plains  States,  and  the  Southwest,  as  well  as  in  the 
intermountain  region;  biennial  sweetclovers  will  stand  drought  once 
they  are  established.  Of  the  true  clovers,  the  red,  white,  alsike, 
and  strawberry  species  are  perennials,  adapted  to  the  Northeast,  the 
Pacific  Northwest,  and  the  Intermountain  States  wherever  enough 
moisture  is  available;  they  may  behave  as  annuals  under  severe 
conditions.  Crimson,  low  hop,  least  hop,  Persian,  cluster,  subter- 
ranean, and  lappa  species  are  true  winter  annuals,  adapted  to  the 
Southeast  and  Pacific  Northwest.  In  addition  to  its  direct  effects 
on  the  distribution  of  clovers,  climate  has  indirect  effects  through 
its  influence  on  diseases,  the  activity  of  pollinating  insects,  and  the 
acidity  of  the  soil. 

There  are  1,100  species  of  grass  in  this  country.  Of  these,  some  100 
are  important — about  50,  mostly  foreign-born,  in  the  humid  regions, 
and  another  50,  mostly  native-born,  in  the  dry  regions.  Temperature 
and  moisture  both  govern  distribution. 

In  the  humid  regions,  certain  species  thrive  in  the  colder  North 
(bluegrass,  orchard  grass,  redtop,  timothy),  certain  others  in  the 
wanner  South  (Bermuda,  carpet,  Dallis  grasses);  certain  ones  in  the 
wetter  areas  (carpet  grass,  St.  Augustine  grass  in  the  South  feed 
canary  grass,  redtop  in  the   North),  and  certain   others  in   (lie  drier 
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areas  (Bermuda  grass,  Bahia  grass  in  the  South — Canada  bluegrass, 
bromegrass  in  the  North). 

In  the  dry  western  regions,  on  the  other  hand,  some  species  spread 
over  a  wide  range  of  temperatures.  Moisture,  however,  makes  a 
considerable  difference;  some  of  the  bluestems  and  western  wheat- 
grass,  for  example,  thrive  in  the  moister  areas  of  the  semiarid  region, 
whereas  grama  and  buffalo  grasses  can  do  well  in  the  more  droughty 
areas.  Moisture  also  affects  winter  survival;  much  winter  killing  in 
the  northern  Great  Plains  is  due  not  to  cold  but  to  drying  out  of  the 
plant  tissues. 

Breeding  work  with  the  grasses  is  now  actively  going  on.  Among 
the  objectives  related  to  climate  are  resistance  to  drought,  diseases, 
insects,  extreme  temperatures,  and  repeated  defoliation.  Good 
seasonal  growth  habits,  productivity,  and  ability  to  thrive  in  plant 
mixtures  are  also  sought. 

A  number  of  miscellaneous  legumes  are  vitally  important  in  our 
agriculture,  particularly  in  the  South  where  northern  clovers  will  not 
grow  on  poor  soil.  Lespedeza,  which  requires  high  rainfall,  humidity, 
and  temperature,  and  tolerates  acid  soils,  now  covers  20  million  acres 
between  the  Great  Lakes  and  the  Gulf,  and  the  Atlantic  coast  and 
the  Ozarks.  Common  lespedeza  is  grown  in  the  southern  part  of 
this  region,  Korean  in  the  central  and  northern  parts.  Crotalaria, 
another  poor-soil  plant,  needs  higher  temperatures  and  thrives  on 
sandy  and  sandy  loam  soils  in  the  Southeast.  Velvetbeans  and 
cowpeas  are  cover-crop  plants  vital  to  the  agriculture  of  the  lower 
South.  Field  peas,  vetches,  and  bur-clovers  are  grown  in  winter  in 
the  South  (as  winter  annuals)  and  some  varieties  are  used  as  summer 
cover  crops  in  the  North. 

In  the  case  of  soybeans,  different  varieties  are  closely  adapted  to 
different  climates,  often  within  narrow  ranges.  This  has  made  the 
extensive  use  of  soybeans  possible  in  the  United  States.  Some 
varieties  will  mature  in  75  days;  others  require  200.  The  total  heat 
accumulation  and  the  total  amount  of  available  moisture  during  the 
growing  season  are  important  factors.  The  soybean  is  also  sensitive 
to  day  length,  and  this  strongly  affects  the  adaptability  of  varieties 
to  the  north  or  south. 

Climate  and  Grazing 

A  billion  or  more  acres  of  this  country's  land,  Chapline  and  Cooper- 
rider  note,  is  grazed  at  least  part  of  every  year.  In  general,  where 
moisture  and  soils  are  such  that  a  comparatively  large  amount  of 
forage  is  produced  per  acre,  cultivated  pastures  have  been  developed. 
Where  there  is  less  moisture,  grazing  land  is  left  as  uncultivated 
range.  Thus  at  the  outset  climate  determines  how  the  land  will 
be  handled. 

The  object  in  pasture  management  is  to  keep  a  maximum  of  young 
nutritious  growth  coming  along  for  the  animals.  In  the  north- 
eastern part  of  the  United  States,  grazing  capacity  is  high,  but  there 
can  be  no  grazing  in  winter;  animals  must  be  winter-fed.  Kentucky 
and  Canada  bluegrasses,  timothy,  and  clovers  are  among  the  principal 
plants  used  for  pasturage.  In  the  Southeast,  improved  pastures 
can  be  used   throughout  most  of  the  year.     Bermuda  grass,  carpet 
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grass,  Dallis  grass,  and  lespedeza  produce  during  the  warm  season 
and  are  grown  in  permanent  pastures,  which  are  sometimes  supple- 
mented by  temporary  pastures  of  Napier  grass  and  pearl  millet. 
Winter  pasturage  consists  mostly  of  grains  and  ryegrasses.  In  the 
West,  pasture  conditions  along  the  Pacific  coast  are  somewhat  similar 
to  those  in  the  East.  In  dry-farming  regions,  pasture  production  is 
uncertain,  depending  on  rainfall,  but  some  of  the  unevenness  can  be 
ironed  out  by  the  use  of  drought-resistant  species  such  as  crested 
wheatgrass.  In  small,  scattered  areas  in  the  semiarid  region  there 
are  highly  productive  irrigated  pastures,  used  to  supplement  the  range. 

Over  the  vast  range  area  of  the  West,  climate  determines  the  kind 
and  amount  of  forage  produced,  and  it  musl  be  closely  studied  and 
obeyed  to  insure  success  and  prevent  disaster  in  livestock  operations. 
The  principal  forage  plants  consist  of  drought-resistant  bunchgrasses 
and  semi-turf-forming  grasses  which  do  not  form  a  complete  ground 
cover  even  under  the  most  favorable  climatic  conditions.  On  especi- 
ally arid  areas  the  stand  often  covers  less  than  10  percent  of  the  soil 
surface,  and  the  number  of  acres  required  to  feed  an  animal  increases 
correspondingly.  Studies  show  that  present  grazing  capacities  are 
considerably  below  what  they  would  be  if  ranges  in  general  were  in 
good  condition.  They  also  show  that  in  order  to  absorb  a  large 
proportion  of  the  rainfall  the  ground  must  have  a  good  cover  of 
perennial  grasses  or  much  of  the  water  will  be  lost  in  run-off.  Annual 
weeds  and  grasses  are  less  effective  in  preventing  run-off  and  erosion 
than  is  a  perennial  plant  cover. 

Drought  may  occur  on  the  range  in  any  year  or  in  a  series  of  years 
together.  During  the  past  25  years  precipitation  has  been  lower 
in  most  of  the  West  than  during  the  previous  30  to  35.  Downward 
trends  over  even  longer  periods  have  been  noted  in  places.  Range 
plants  adapt  themselves  to  drought  by  producing  smaller  tufts  and 
fewer  and  shorter  stems  and  leaves,  and  even  by  dropping  leaves. 
Then  they  recover  when  heavier  rainfall  returns,  but  studies  show  that 
they  do  not  recover  as  well  or  as  rapidly  under  heavy  as  under  con- 
servative grazing.  When  they  are  overgrazed,  a  severe  drought  (as 
in  1934  and  1936)  will  also  kill  off  a  considerably  larger  percentage 
of  the  plants  than  it  will  under  moderate  grazing. 

Temperature  is  an  important  factor  in  forage  production  chiefly 
in  the  spring.  Some  plants  produce  well  in  cool  weather  and  afford 
a  limited  amount  of  early  grazing,  but  the  important  palatable  plants 
usually  develop  in  warmer  weather,  and  thus  care  must  be  exercised 
to  avoid  injury  to  these  plants  from  too  early  grazing.  In  the  South- 
west, where  winter  temperatures  are  mild,  grazing  is  yearlong,  live- 
stock being  moved  from  winter  to  summer  ranges  with  the  season. 

No  climatic  factor  acts  alone.  Relative  humidity,  temperature, 
and  wind  movement,  for  example,  influence  evaporation,  and  evapora- 
tion influences  the  amount  of  moisture  available  for  plants.  It  takes 
21  inches  of  rainfall  in  Texas  to  produce  the  same  amount  of  growth 
thai  would  be  produced  with  14  inches  in  Montana.  Hot,  drying 
winds  can  make  a  drought  much  worse. 

The  problem  on  the  range  is  to  lick  the  weather  hazards  by  good 
management.  First,  there  are  the  submarginal  areas.  Where  the 
rainfall  is  l<>^  than  5  inches  ;>  year,  there  can  he  only  occasional, 
limited  grazing.      Where  it  is  between  5  and  10  indies,  it  usually  takes 
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200  or  more  acres  to  feed  a  cow  for  a  year,  and  costs  of  fencing,  water, 
and  handling  are  so  high  that  only  large  outfits  can  effectively  use  the 
range  and  meet  the  drought  risk.  In  many  areas  with  up  to  15  inches, 
however,  there  is  range  land  that  is  submarginal  only  because  it  has 
been  ruined  by  plowing.  This  land  can  be  restored  to  usefulness, 
though  often  only  at  considerable  cost. 

On  range  land  that  is  not  submarginal,  it  has  been  proved  again  and 
again  that  the  best  insurance  against  weather  is  conservative  grazing. 
This  means  (1)  stocking  the  range  15  to  25  percent  below  its  capacity 
in  average  years,  which  will  insure  enough  forage  in  all  but  severe 
drought  years  and  will  also  favor  quick  recovery  after  drought;  (2) 
building  up  reserves  of  feed  for  years  of  severe  drought;  (3)  keeping  a 
flexible  herd  in  areas  with  less  than  10  inches  of  rainfall — that  is,  part 
breeding  herd,  part  steers,  the  steers  to  be  sold  off  in  years  of  short 
feed;  (4)  restocking  the  range  cautiously  after  a  drought. 

Chapline  and  Cooperrider  conclude  their  article  with  a  fairly 
detailed  discussion  of  the  principal  types  of  herbage  on  the  range, 
particularly  in  relation  to  climate. 

Climate  and  the  Nation's  Forests 

A  dense  forest,  says  Zon,  is  like  an  enormous  umbrella  with  holes 
in  it  covering  the  earth.  Naturally  the  climate — moisture,  tempera- 
ture, light — under  the  umbrella  is  modified.  More  than  that — the 
climate  near  but  not  under  the  vast  umbrella  is  somewhat  modified 
too.  In  other  words,  even  though  man  can  do  nothing  to  affect  the 
climate  in  general,  he  can  influence  it  to  some  extent  locally  by  adding 
or  taking  away  forests.  And  different  kinds  of  forests  have  different 
effects. 

What  are  some  of  these  effects?  The  mean  maximum  monthly 
temperature  in  a  forest  in  a  temperate  region  is  about  4°  F.  lower 
during  the  summer  than  the  temperature  outside;  in  winter,  it  is  about 
2°  lower.  Light  is  reduced  50  to  90  percent  within  the  forest,  the 
amount  of  reduction  depending  on  the  kinds  of  trees.  Forest  soil  is 
warmer  by  2°  in  winter  and  5°  to  9°  cooler  in  summer  than  that  out- 
side, and  freezing,  if  any,  is  much  less  deep  than  outside.  Humidity 
is  greater  by  3  to  12  percent  within  the  forest.  A  considerable  amount 
of  precipitation  is  intercepted  by  the  trees  and  evaporates  before  it  can 
reach  the  ground.  Dew  and  fog  form  readily  over  fields  adjoining 
forests,  and  early  spring  frosts  and  summer  hail  are  effectively  pre- 
vented. Evaporation  from  the  soil  under  the  forest  is  greatly  reduced. 
Wind  velocities  are  immensely  reduced  within  the  forest.  The  water- 
storing  capacity  of  the  soil  is  greatly  increased.  The  significance  of 
this  underground  storage  is  indicated  by  the  fact  that  a  rise  of  6  inches 
in  the  water  table  of  the  Tennessee  Valley  would  mean  an  additional 
storage,  in  the  ground  itself,  of  four  times  as  much  water  as  the  Xorris 
Reservoir  holds. 

Shelterbelts  well  illustrate  the  influence  of  trees  on  the  area  nearby. 
A  shelterbelt  at  right  angles  to  the  prevailing  winds  affords  good  pro- 
tection on  the  leeward  side  for  a  horizontal  distance  20  times  the 
height  of  the  trees,  and  some  protection  more  than  twice  as  far  as 
that.  There  is  also  considerable  protection  on  the  windward  side. 
This  means  that  evaporation  is  reduced,  temperatures  are  lowered, 
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relative  humidity  is  increased,  snow  is  more  effectively  retained  to 
supply  moisture,  soil  blowing  is  reduced  or  stopped,  fuel  consumption 
in  farmhouses  is  reduced  by  as  much  as  30  percent,  animals  are  pro- 
tected from  exposure. 

Much  of  the  present  forest  land  in  the  United  States  is  cut-over 
or  burnt-over  land  and  second-growth  timber;  there  is  only  a  tenth 
as  much  old-growth  timber  as  there  was  in  the  days  of  the  original 
forests.  It  would  be  hard  to  prove  what  effects  this  reduction  has  had 
on  local  climates,  but  a  7,000-acre  area  completely  stripped  of  forest 
by  smelter  fumes  in  eastern  Tennessee  gives  some  indication.  Careful 
comparisons  were  made  between  this  area  and  nearby  forested  land. 
Average  temperatures  were  3°  to  4°  F.  higher  on  the  denuded  area ; 
average  wind  velocity  was  7  to  10  times  greater  in  winter,  34  to  40 
times  in  summer;  evaporation  was  twice  as  great  in  winter,  7  times 
as  great  in  summer.  Elsewhere  in  the  United  States,  soil  destruction 
following  destruction  of  forests  has  been  amply  proved.  Measure- 
ments made  in  various  places  also  prove  the  great  value  of  forest 
cover  in  preventing  run-off  and  reducing  flood  hazards. 

If  forests  affect  climate  to  some  extent,  to  a  far  greater  extent 
climate  affects  forests.  An  understanding  of  the  interrelationships 
between  climate  and  forests  is  the  basis  of  modern  forest  practice. 

For  instance,  the  drying  out  of  inflammable  material  depends  on 
relationships  between  weather  and  the  density  of  the  forest  cover. 
Dense  cover  retards  drying  and  greatly  reduces  fire  risks;  partial 
cutting  has  a  similar  effect;  clear  cutting  vastly  increases  the  fire 
hazard.  Fire-danger  meters  have  been  devised  that  measure  the 
risk  for  any  combination  of  weather  and  inflammability  of  fuels. 

Burning  over  after  cutting  down  a  forest  changes  the  climatic  en- 
vironment so  drastically  that  the  succeeding  growth  consists  of  entirely 
different  kinds  of  trees.  The  forest  then  has  to  go  through  several 
stages  before  conditions  are  right  for  the  return  of  the  original  type  of 
growth.  If  it  is  desirable,  any  one  of  these  stages  can  be  made  perma- 
nent by  suitable  management  practices,  and  further  change  in  the 
forest  type  can  be  prevented.  The  chief  factor  in  this  control  is 
adjustment  of  light,  moisture,  and  temperature  through  control  of  the 
thickness  of  the  stand.  Reforestation  by  planting  also  involves  a 
knowledge  of  these  factors  in  relation  to  different  kinds  of  trees.  Some 
trees  will  flourish  under  conditions  that  injure  or  kill  others. 

This  kind  of  knowledge,  the  basis  of  forest  management,  is  gained 
largely  from  the  study  of  the  relations  between  climate  and  natural 
forests.  Forests  cannot  be  managed  as  artificially  as  crops.  The 
forester  must  find  out  what  nature  does  and  Learn  how  to  work  closely 
with  her  requirements. 

All  the  great  forest  belts  of  the  world  are  adjacent  to  oceans. 
There  are  two  of  these  belts  in  the  United  Stntes,  along  the  Atlantic 
and  the  Pacific.  In  between,  farthest  from  the  oceans,  and  therefore 
farthest  from  the  primary  sources  of  moisture,  the  land  grows  grass, 
not  trees.  In  the  western  belt,  three  successive  mountain  ranges 
interfere  with  the  passage  of  the  sea-born  moisture  eastward.  The 
west  side  of  each  range  is  moist,  and  forests  grow  there  but  not  on  (he 
drier  eastern  side.  These  western  forests  consist  Largely  of  coniferous 
trees  because  the  soils  are  comparatively  young  and  thin.  In  fche 
eastern  part  of  the  United    States,  on  Hie  other  hand,  there  are  no 
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great  mountain  barriers  to  stop  moisture-laden  air,  and  the  forest  is 
continuous.  It  consists  mostly  of  deciduous  trees  (hardwoods) 
because  the  soils  are  older,  deeper,  and  more  fertile. 

These  are  gross  differences.  There  are  many  finer  variations  that 
depend  on  local  climate.  Nowhere  else  in  the  Temperate  Zone  is 
there  so  rich  a  variety  of  forest  types  and  species  as  in  the  United 
States.  In  the  East,  at  least  five  strikingly  different  types  correspond 
to  differences  in  climate:  The  mangrove  thickets,  the  southern  pineries, 
the  oak  forest,  the  northern  hardwood  forest  (beech,  birch,  maple),  the 
spruce-fir  forest.  In  the  West  there  are  two  main  types:  The  western 
red  cedar-Douglas  fir-redwood  combination,  and  the  ponderosa  pine 
forests. 

Even  these  subdivisions  are  too  broad  to  give  a  real  picture  of  the 
variations  in  forest  growth  produced  by  climate.  Every  difference  in 
elevation  and  exposure  affects  heat  and  moisture  and  therefore  vegeta- 
tion. Many  different  combinations  of  climatic  factors  are  possible, 
and  each  has  characteristic  effects.  Zon  discusses  some  of  them.  They 
are  the  things  the  modern  forester  is  studying. 

Climate  and  Plant  Diseases 

Ever  since  agriculture  began,  it  has  been  scourged  by  plant  diseases 
and  insects,  and  many  times  they  have  caused  widespread  famines. 
Modern  research  has  revealed  much  about  the  relationships  between 
the  diseases  of  plants  and  the  weather.  Sometimes  weather  conditions 
favor  the  disease  organism  itself,  sometimes  an  insect  carrier,  and  some- 
times they  make  the  host  plant  more  receptive  to  the  disease.  Hum- 
phrey gives  several  examples,  with  special  attention  to  cereal  rusts. 

He  tells  how  rust  spores  are  swept  from  Canada  all  the  way  to  Texas 
by  northern  winds  blowing  in  the  fall  and  early  winter.  In  the  South 
the  infective  organisms  winter  over  and  cause  local  epidemics,  and  the 
spores  from  these  in  turn  sweep  northward  in  spring  and  summer, 
sometimes  spreading  from  region  to  region  like  wildfire. 

Four  favorable  conditions  must  be  present  at  the  same  time  to  cause 
an  epidemic:  (1)  Favorable  temperatures,  (2)  abundant  rain  or  dew, 
(3)  a  large  number  of  spores,  (4)  a  susceptible  host — grain  or  grass. 
The  first  two  of  these  conditions  cannot  be  controlled,  but  the  last 
two  can  be.  If  rust-resistant  plants  are  developed,  the  host  will  not  be 
susceptible  and  the  quantity  of  infective  material  will  also  be  cut  down. 

Thatcher  rust-resistant  wheat,  developed  by  plant  breeders,  now 
covers  1 7  x2  million  acres  in  the  United  States  and  Canada.  Such  an 
acreage  in  1935,  1937.  and  1938  would  have  prevented  the  disastrous 
epidemics  in  the  hard  red  spring  wheat  area  in  those  years.  A  new 
resistant  wheat  will  soon  be  distributed  in  the  South  to  help  in  elim- 
inating overwintering  infections  there.  New  rust-resistant  varieties 
of  oats  and  barley  are  being  introduced.  Farmers  can  look  forward  to 
extensive  conquests  of  plant  diseases  by  such  means,  though  the  work 
is  bound  to  be  long  and  difficult. 

Insects  and  the  Weather 

Hyslop  gives  many  remarkably  interesting  examples  of  the  effects  of 
weather  on  insects.     At  each  stage  of  its  development   (egg,  larva, 
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pupa,  adult,  for  example)  each  insect  lias  a  definite  temperature  and 
moisture  tolerance.  There  is  a  low  point  below  which  it  cannot  live. 
an  optimum  favoring  the  greatest  development  in  the  least  time,  and 
a  high  point  beyond  which  it  cannot  live.  Near  the  low  point  and  the 
high  point  many  insects  live  in  a  state  of  suspended  animation. 

The  longer  optimum  weather  conditions  last,  the  greater  the 
number  of  generations  the  insect  can  produce  in  a  singi  s 
codling  moths,  for  instance,  produce  three  broods  though  not  always 
in  the  Ozarks.  two  in  the  Shenandoah  Valley  of  Virginia,  one  in  the 
Northeast.  The  following  are  other  examples  of  effects  of  weather: 
A  temperature  of  —20°  F.  in  November  destroys  all  exposed  gypsy 
moth  eggs.  Cool,  delayed  springs  favor  the  seed-corn  maggot  and 
many  species  of  cutworm.  Hot.  dry  weather  favors  e^s:  laying  by 
the  codling  moth.  The  boll  weevil  is  killed  by  temperatures  near 
zero,  harmed  by  hot.  dry  summers,  favored  by  wet  summers.  Mild 
winters  bring  pickleworms  and  the  harlequin  bug  northward  from  the 
south  Atlantic  and  Gulf  regions  and  favor  the  spread  of  the  corn-ear 
worm  north  of  its  normal  habitat.  Drought  when  young  grasshoppers 
are  hatching  means  a  serious  oubreak  of  this  pest.  Heavy  rains  at 
hatching  time  mean  fewer  chinch  bugs;  under  certain  weather  con- 
ditions, too,  fungus  diseases  kill  off  the  bugs.  The  hessian  fly  is 
practically  eliminated  when  a  late,  dry  fall  retards  the  germination  of 
wheat  seed:  late  planting  accomplishes  the  same  result.  Weather  is 
also  a  major  factor  in  the  effectiveness  of  parasites — insects  that  prey 
on  the  harmful  insects. 

Climate  and  Livestock  Production 

Since  climate  has  a  marked  effect  on  the  amount  and  the  nutritive 
value  of  feedstuff's  produced  within  a  region,  there  is  no  question  about 
its  indirect  effect  on  livestock  production.  Does  it  also  have  a  more 
direct  influence?     Rhoad  gives  examples  to  show  that  it  do  - 

High-quality  dairy  cows  of  European  breeds  produce  best  at 
relatively  cool  temperatures.  A  study  under  controlled  conditions 
showed  that  milk  production  gradually  declined  from  29  pounds  a  day 
to  17  as  the  temperature  rose  from  4  F.      In  tropical  Singapore. 

a  group  of  Holsteins  kept  in  an  air-conditioned  barn  at  7 
24  pounds  of  milk  a  day;  a  similar  group  in  a  barn  exposed  to  outdoor 
temperatures  averaged  only  9  pounds.  Registry  of  Merit  Jersey  i  owe 
were  compared  in  Maine  and  Georgia:  in  summer  they  produced  more 
butterfat  in  Maine,  where  it  was  cool,  but  in  winter,  more  U 
where  they  were  kept  outdoors,  than  in  Maine,  where  they  were  kept 
in  warm  barns.  In  tropical  Brazil,  purebred  imported  European 
dairy  cattle  produced  little  more  than  half  of  their  apparent  capacity. 
-   indicate   that   pullets   produce  La  an  at 

warm  temperatures,  and  that  the  rate  of  -rain  of  hogs  in  Texas  is 
reduced  during  the  high  temperatures  of  summer.  In  the  cas 
sheep,  rainfall  is  important.  In  South  Africa,  the  best  wool-growing 
have  less  than  20  inches  i4  rainfall,  but  fat  lambs  cannot  be 
produced  where  there  i-  less  than  30  inches,  [n general,  the  distribu- 
f  British  breeds  is  largely  influenced  by  rainfall  and  temperature. 

Reproduction   also    is  «1    by   temperature. 

-bow  that    high   temperatures   markedly   reduce  bi 
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especially  in  male  animals.  Some  studies  even  indicate  that  con- 
tinued high  temperatures  result  in  sterility  of  males.  The  influence  of 
temperature  probably  accounts  for  the  seasonal  breeding  habits  of 
some  classes  of  livestock,  especially  sheep. 

There  are  distinct  differences  between  species  and  breeds  in  adapt- 
ability to  various  factors  in  climate.  The  Jersey  cow  has  more  heat 
tolerance  than  some  other  breeds,  and  this  is  probably  why  it  is  so 
extensively  used  in  the  South.  Studies  in  Louisiana  showed  that 
purebred  and  half-bred  Brahmans  were  much  less  affected  physically 
.by  high  temperatures  than  quarter-breds  and  purebred  Aberdeen 
Angus.  Breeding,  then,  offers  a  practical  solution  for  some  climatic 
problems  in  livestock  production.  Cross-breeding  tropical  and 
European  breeds  of  cattle  (both  dairy  and  beef)  is  giving  promising 
results  in  Jamaica,  Brazil,  the  Philippines,  South  Africa,  Australia, 
and  the  Gulf  coast  region  of  the  United  States.  The  first  truly 
American  beef  breed  is  the  Santa  Gertrudis,  the  shorthorn  X  Brahman 
cross  produced  in  Texas.  In  the  Philippines  a  new  breed  of  hogs,  the 
Berkjala,  a  cross  between  the  Berkshire  and  the  native  Jalajala,  is 
being  developed  to  meet  tropical  conditions. 

Rhoad  implies  that  much  more  of  this  kind  of  work  will  be  done  in 
the  future  as  more  is  discovered  about  the  adaptability  of  animals 
to  climate. 

Climate  in  Relation  to  Worm  Parasites 
of  Livestock 

Adults  and  sometimes  larvae  of  worm  parasites  live  inside  the  bodies 
of  warm-blooded  animals,  but  all  except  those  taken  from  the  blood 
and  tissues  by  biting  insects  are  exposed  directly  to  the  outside  en- 
vironment for  part  of  their  lives.  During  this  time,  favorable  or  un- 
favorable climatic  conditions  have  a  marked  influence.  Lucker  gives 
a  considerable  number  of  examples,  but  he  points  out  that  much  of 
the  available  information  on  this  subject  is  based  on  laboratory  ex- 
periments on  the  effects  of  temperature,  moisture,  etc.,  on  the  free- 
living  stages  of  the  parasites.  The  influence  of  climate  on  the  dis- 
tribution of  the  parasite  is  then  deduced  from  these  experimental 
data.  There  is  a  dearth  of  field  studies  designed  to  bring  out  just 
how  observed  climate  and  weather  actually  affect  the  distribution 
and  intensity  of  the  parasitic  diseases  of  livestock.  More  is  known 
about  this,  however,  in  the  case  of  parasites  affecting  man. 

Only  a  few  of  Lucker's  examples  can  be  given  here. 

The  eggs  of  roundworms  and  flukes  that  go  through  certain  stages 
of  development  on  pastures  must  have  moisture.  They  differ  in  their 
resistance  to  drying  out,  and  this  affects  the  distribution  and  preva- 
lence of  these  parasites  in  different  regions  and  different  seasons.  The 
large  intestinal  roundworm  of  man  can  stand  much  drier  conditions 
in  the  egg  stage  than  can  the  whipworm;  there  is  some  evidence  that 
the  same  thing  applies  to  the  corresponding  types  infesting  hogs. 
Studies  of  the  prevalence  of  the  common  stomach  worm  which  causes 
parasitic  gastritis  in  sheep  have  shown  that  relatively  high  moisture, 
regionally  or  seasonally,  favors  infestation.  On  the  other  hand,  an 
unusually  dry  season,   under  certain  conditions,   can   also   bring  an 


Climate  and  Man — A  Summary     •      51 

outbreak  of  certain  parasites,  and  exceptionally  heavy  rains  may 
cleanse  pastures  of  eggs  and  larvae. 

Temperature  controls  the  speed  of  development  of  eggs  and  larvae 
when  moisture  is  adequate,  as  has  been  shown  with  the  swine  whip- 
worm and  the  common  liver  fluke.  Many  laboratory  experiments  and 
some  field  observations  brought  out  marked  differences  in  the  ability  of 
various  parasites  to  survive  low  temperatures  in  the  (^gg  and  larval 
-.  These  free-living  stages  of  the  nodular  worm  and  the  stomach 
worm  of  sheep,  for  example,  are  not  resistant  to  winter  conditions  in 
eastern  Canada.  Eggs  and  larvae  of  the  swine  kidney  worm  lack 
ance  to  cold,  but  eggs  of  two  of  the  swine  stomach  worms  are 
quite  resistant  to  freezing. 

High  temperatures  also  kill  parasite  eggs  and  larvae,  but  in  the 
field  it  is  hard  to  distinguish  the  effects  of  high  temperatures  from 
of  drying  out  and  of  sunlight.  It  has  been  proved  experimen- 
tally that  sunlight  alone  can  kill  eggs  and  larvae,  irrespective  of  tem- 
perature and  moisture. 

Some  parasites  must  pass  part  of  their  lives  in  the  body  of  an  inter- 
mediate host — fish,  snails,  insects,  for  instance;  and,  of  course,  climate 
affects  the  distribution  of  these  hosts.  Wet  weather  that  brought 
a  great  increase  in  the  numbers  of  a  certain  snail  and  favored  its  spread 
has  been  known  to  result  in  an  outbreak  of  liver  fluke  disease  in  sheep. 
This  disease  is  caused  by  a  parasite  that  spends  part  of  its  life  in  the 
snail's  body. 

Some  measures  for  preventing  or  controlling  parasitic  diseases  have 
been  worked  out  on  the  basis  of  such  findings — for  example,  raising 
pigs  on  clean,  dry,  well-drained,  sunlit  soil  to  avoid  infestations  of  the 
kidney  worm  and  the  nodular  worm.  As  Lucker  indicates,  however, 
there  is  need  for  much  more  precise  information  about  the  influence 
of  local,  general,  and  seasonal  climatic  differences  on  the  distribution 
and  prevalence  of  animal  parasites. 

PART  4.  THE  SCIENTIFIC  APPROACH  TO 
WEATHER  AND  CLIMATE 

Flood  Hazards  and  Flood  Control 

The  Hydrologic  Cycle 

The  earth  has  a  fixed  supply  of  water,  which  is  used  over  and  over 
again,  appearing  in  three  forms  as  part  of  a  great  hydrologic  cycle — 
(1)  water  in  oceans,  lakes,  streams,  and  underground  storage  places,  (2) 
water  in  the  soil,  (3)  water  in  the  atmosphere.  A  balance  is  maintained 
among  these  three  forms;  losses  from  one  mean  gains  for  another. 
The  land  gains  water  from  the  atmosphere  by  precipitation;  the  Bea 
it  by  precipitation  from  the  atmosphere  and  by  run-off  from  the 
land;  the  atmosphere  gains  it  by  evaporation  from  the  sea  and  the 
land.     The  amount  of  water  received  by  the  land  from  precipitation 

equal-    the    amount    that    run-    off    the    land    plufl    the    amount     thai 
from  it. 
Thus  the  land  loses  water,  Holzman  points  out.  in  two  ways:    (1) 
A-  liquid,   by  run-off,   both  above  ground  and   underground.     This 
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water,  which  swells  streams,  lakes,  and  seas,  is  useless  to  plants.  (2) 
As  vapor,  by  evaporation  and  transpiration.  Much  of  this  water  has 
stayed  in  the  soil  long  enough  to  be  used  by  plants:  they  then  give 
it  up  to  the  atmosphere  by  transpiration.  Some,  however,  is  lost  to 
the  atmosphere  by  direct  evaporation  from  the  soil. 

Probably  only  about  30  percent  of  all  the  water  received  by  the  land 
from  precipitation  runs  off.  The  other  70  percent  stays  in  the  soil 
awhile  and  is  then  evaporated  and  transpired.  Nevertheless,  this 
rcent  evaporated  and  transpired  from  the  land  is  not  the  princi- 
pal source  of  rain  and  snow.  In  fact,  it  is  a  very  minor  source.  Al- 
most all  our  rain  and  snow  is  water  that  has  been  evaporated  from  the 
sea  and  has  then  been  carried  by  great  air  movements  over  the  land. 
Warm  air  laden  with  moisture  from  tropical  seas  moves  northward, 
chills,  and  drops  its  moisture  over  the  land.  Cold,  dry  air  from  the 
north,  on  the  other  hand,  steals  a  certain  amount  of  moisture  from 
the  land  it  passes  over. 

Nothing  man  can  do  will  ever  appreciably  change  the  amount  of 
precipitation  on  the  land;  the  forces  that  produce  it  are  too  vast.  But 
man  can  to  some  extent  control  the  amount  of  water  that  runs  off  the 
land,  thereby  increasing  the  amount  available  for  his  use  and  reducing 
the  amount  that  causes  disastrous  floods. 

Run -off 

Since  run-off  equals  the  total  amount  of  precipitation  minus  the 
amount  of  water  absorbed  by  the  land.  Musgrave  writes,  it  is  important 
to  know  how  absorption  is  increased  or  decreas 

The  structure  of  the  soil  counts  a  great  deal  A  loose  soil  with 
large  pore  openings  absorbs  more  water — often  many  times  more — 
than  a  dense  soil  with  small  openings.  Intensive  cultivation  and  loss 
of  humus  favor  the  latter  condition.  Dry  soil  generally  absorbs  more 
water  than  wet  soil,  but  the  amount  of  moisture  in  the  soil  is  not 
always  on  indication  of  how  much  more  it  wdl  absorb.  Good  drai 
and  a  permeable  subsoil  favor  increased  absorption. 

More  water  enters  a  warm  than  a  cold  soil,  and  a  frozen  wet  soil 
absorbs  little  or  none  unless  frost  has  fluffed  it  up  and  made  it  porous. 
Soil  frozen  deeply  absorbs  less  water  than  soil  frozen  lightly:  deep 
snow  and  _•  tation  both  tend  to  decrease  the  depth  of 

frost  penetration.  Even  though  run-off  may  be  high  on  frozen  ground 
with  a  good  vegetative  cover,  erosion  is  less  than  on  the  same 
ground  left  bare.  In  general,  there  is  more  run-off  in  northern  than 
ithern  climates,  largely  because  of  the  various  influences  of  a 
prolonged  cold  period  each  year. 

The  characteristics  oi  each  storm  are  also  important  in  determining 
the  amount  and  rate  of  run-off,     Most  storms  that  produce  floods  are 
i  high  intensity  or  both.     Even  these  storms  are  less 
damaging,  however,  when  the  three  bive  factors  — favorabl 

mre.    warm    temperatures,    and    a    good    vegetativ  -are 

:it   to   bring   about   maximum   absorption.      Though   on   a   large 

watej  =  :  the  water  absorbed  by  the  soil  will  eventually  reach 

the  streams  by  -  epage  underground,  it  is  at  least  usually  delayed 

enough  to 
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Evaporation  and  Transpiration 

Rainfall  can  be  measured  rather  easily,  but  the  information  tells 
nothing  about  the  amount  of  water  that  runs  off  the  land  or  the 
amount  evaporated  from  the  soil  and  transpired  by  plants.  Run-off 
too  can  be  measured,  though  only  with  considerable  difficulty  and 
expense.  It  has  never  hitherto  been  possible  to  measure  evaporation 
from  a  land  surface  (including  transpiration  by  plants,  which  is  also 
loss  of  water  as  vapor)  with  any  accuracy.  A  simple  method  of  doing 
this  would  be  enormously  useful.  It  would  tell  what  the  farmer 
wants  to  know — how  much  water  is  available  for  plants  under  diffe  rent 
conditions  of  temperature,  humidity,  soil,  and  vegetation.  And  by 
telling  how  rapidly  the  soil  is  drying  out.  it  would  help  in  predicting 
how  much  water  would  be  absorbed  during  a  given  rainfall  and  how 
much  would  run  off. 

Such  a  method  has  recently  been  worked  out,  and  it  is  described 
here  by  Thomthwaite  and  Holzman.  The  layer  of  air  near  the  ground 
is  in  a  state  of  turbulent  mixing.  Thus  its  moisture  is  evenly  dis- 
tributed throughout  the  layer  so  long  as  no  moisture  is  being  added 
at  the  bottom  by  evaporation  or  withdrawn  by  condensation  (as  in 
dewfall).  If  moisture  is  being  added,  there  will  be  more  in  the  air  at 
ground  level  than  there  is,  say.  25  feet  up.  The  reverse  will  be  true 
if  moisture  is  being  withdrawn  at  the  bottom.  As  soon  as  addition  or 
withdrawal  ceases,  the  air  will  again  have  a  uniform  moisture  content 
above  and  below.  To  discover  whether  moisture  is  being  added  or 
withdrawn,  then,  it  is  only  necessary  to  measure  the  moisture  content 
of  the  air  near  the  ground  at  two  levels,  one  above,  one  below.  The 
rate  of  evaporation  or  condensation  can  be  measured  by  determining 
the  wind  velocity  at  the  two  levels,  since  this  gives  the  intensity  of  the 
turbulence,  or  the  rate  of  mixing. 

This  method  has  been  used  only  for  a  short  time  at  a  few  pi. 
but  already  some  interesting  results  have  been  obtained. 

In  the  central  and  eastern  United  States  floods  are  produced  mainly 
by  general  storms.  They  must  ordinarily  fill  up  the  soil  with  the 
water  it  has  already  lost  before  run-off  will  occur.  The  greatest  loss 
of  water  from  the  soil  comes  through  transpiration  by  plants.  In 
this  region,  then,  it  is  important  to  know  what  type  of  plant  cover 
gives  the  greatest  transpiration.  In  dry  regions,  on  the  other  hand, 
it  is  important  to  know  what  type  of  plant  cover  gives  the  least 
transpiration  so  that  water  can  be  saved.  This  is  the  kind  of  problem 
that  can  be  attacked  by  the  new  method  of  determining  just  how  much 
moisture  is  evaporated  from  the  land  under  different  conditions. 

Storms  and  Floods 

Two  general  types  of  storms,  described  by  Holzman  and  Showalter, 
are  responsible  for  floods. 

One  causes  flash  floods — quick  flooding  of  streams  m  a  comparatively 
small  watershed,  say  one  or  two  thousand  square  miles  in  extent. 
Such  a  storm  lasts  only  a  short  time  and  is  usually  accompanied  by 
thunder  and  lightning.  It  occurs  when  a  warm  air  mass  heavily 
laden  with  moisture  from  southern  seas  i-  suddenly  and  violently 
d    upward.     As   it   expands   and   cool-   at    high   levels,   its   vapor 
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condenses,  like  water  on  the  outside  of  a  cold  jug  during  a  hot  day, 
and  falls  as  heavy  rain,  causing  excessive  run-off.  Storms  and  floods 
of  this  type  are  hard  to  predict  in  advance. 

The  other  type  of  storm  lasts  much  longer,  is  much  more  widespread, 
and  produces  general  floods  over  large  watersheds.  It  occurs  along 
the  polar  front — the  southern  edge  of  the  great  mass  of  cold  air  pushing 
down  from  the  north.  Warm,  moist  air  from  the  south  meets  this 
front,  is  pushed  up  over  the  cold  air,  and  drops  its  moisture  as  rain. 
As  the  two  types  of  air  masses  meet  and  struggle,  great  waves,  moving 
from  west  to  east,  are  formed  along  the  front,  producing  alternating 
periods  of  warm  and  cold,  rainy  and  clear  weather.  Under  certain 
conditions,  however — chiefly  when  there  is  a  strong  push  of  cold  air 
southward  at  high  levels — the  large  eastward-moving  waves  are 
halted  and  broken  up  into  much  shorter  waves,  and  during  this  time 
storms  are  likely  to  be  especially  violent.  A  series  of  such  halts, 
each  producing  intense  rainfall,  may  occur  one  after  another  with 
successive  pushes  of  cold  air  at  high  levels.  When  this  happens, 
streams  over  a  large  area  receive  a  fresh  flood  of  water  before  they  can 
get  rid  of  the  previous  one,  and  there  is  a  build-up,  perhaps  increased 
by  melting  snow,  in  the  main  rivers,  which  may  also  be  dammed  with 
ice.  Floods  of  this  type,  fortunately,  can  usually  be  predicted  pretty 
well  in  advance.  More  knowledge  of  what  causes  the  halting  or  stag- 
nation of  part  of  the  normal  polar-front  movement  should  make  still 
better  prediction  possible. 

Snow  Melt 

In  the  far  West,  the  Lake  States,  and  the  Northeast,  where  snow 
reaches  great  depths,  snow  melt  alone  ma}'  release  enough  water  in 
the  spring  to  cause  floods.  In  the  Middle  Western  States  and  the 
central  Ohio  and  Mississippi  Valleys,  on  the  other  hand,  it  is  merely 
one  factor  contributing  to  floods,  and  then  only  if  there  is  a  deep 
accumulation  of  snow  which  melts  rapidly  during  the  occurrence  of 
heavy  rains. 

Rapid  melting,  especially  on  frozen  ground,  is  the  chief  risk. 
Warm,  moist  winds,  rather  than  rain,  cause  the  most  rapid  melting, 
Forsling  points  out.  On  a  large  watershed  where  snow  is  a  flood 
hazard,  then,  the  aim  should  be  to  prevent  it  from  melting  at  the  same 
time  over  the  entire  area.  If  there  are  different  rates  of  melting  in 
different  parts  of  the  area,  the  water  will  be  released  over  a  considerable 
period  and  not  be  poured  into  the  streams  all  at  once. 

This  can  be  achieved  by  varying  the  ground  cover  according  to 
local  conditions.  For  example,  hardwood  and  open  coniferous  forests 
favor  a  heavy  accumulation  of  snow,  little  or  no  soil  freezing,  a 
moderate  rate  of  melting;  dense  coniferous  forests  favor  little  snow 
accumulation,  moderate  soil  freezing,  slow  melting;  cleared  areas 
favor  intermediate  snow  accumulation,  maximum  soil  freezing,  rapid 
melting.  Thus  the  depth  of  snow,  the  amount  of  soil  freezing,  and 
the  rate  of  melting  can  all  be  varied  by  using  different  types  of  cover. 
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Land  Use  in  Flood  Control 

It  is  evident  from  the  discussion  so  far  that  land  use  is  necessarily 
an  important  factor  in  controlling  floods,  and  Congress  has  passed 
laws  that  take  this  into  account.  They  provide  for  cooperative 
Federal,  State,  and  local  action  on  whole  drainage  basins.  The  War 
Department  has  the  responsibility  for  major  engineering  works  down- 
stream— that  is,  along  the  big  rivers  and  their  main  tributaries. 
Farther  up,  among  the  scores,  hundreds,  and  thousands  of  smaller 
streams  that  feed  the  big  ones,  it  is  the  job  of  the  Department  of 
Agriculture,  in  cooperation  with  other  agencies,  to  devise  and  put  into 
effect  measures  that  will  help  in  controlling  floods  at  their  source  by 
retarding  run-off  and  decreasing  the  flow  of  silt  that  chokes  up 
stream  channels  and  reservoirs. 

Among  the  measures  that  have  been  proved  effective  in  reducing 
run-off  and  erosion  are  such  practices  as  crop  rotation,  strip  cropping, 
terracing,  contour  cultivation,  contour  ridging,  contour  furrowing, 
rotation  grazing,  reforestation.  Which  ones  to  use  is  an  individual 
problem  in  each  area  and  each  locality,  and  extensive  studies  are 
under  way  to  determine  the  facts.  Climate,  topography,  and  soils 
are  not  the  only  things  to  be  considered.  Expense  is  also  a  factor. 
Will  the  most  effective  flood-control  program  in  a  given  area  pay  for 
itself  in  public  benefits,  or  should  something  less  effective  but  cheaper 
be  considered?  The  amount  of  cooperation  that  can  be  expected  from 
farmers  and  others  is  also  important  in  determining  what  steps  are 
most  practical.  Finally,  any  given  program  should  aim  to  improve  and 
stabilize  the  local  agriculture  as  far  as  possible,  in  addition  to  reducing 
flood  hazards. 

Ringland  and  Guthe  make  it  clear  that  our  knowledge  of  how  to 
reduce  flood  hazards  by  upstream  land  use  practices  is  still  far  from 
complete.  Much  can  be  done,  but  research  continues  in  order  to 
develop  more  facts  and  determine  what  methods  really  are  most 
effective  for  different  conditions. 

Flood  Forecasting 

Perfect  flood  prevention  would  consist  in  (1)  having  the  maximum 
amount  of  rainfall  and  snow  melt  soak  into  the  land,  and  (2)  catching 
all  the  excess  in  natural  and  artificial  reservoirs.  Since  prevention  is 
far  from  perfect,  it  is  vital  to  have  adequate  warning  in  advance  to 
reduce  the  damage  and  loss  of  life  when  floods  do  occur — and  they 
occur  somewhere  in  the  United  States  almost  every  month  in  the  year. 
The  Weather  Bureau  is  the  warning  agency.  It  is  well  aware,  Bernard 
writes,  of  the  shortcomings  of  the  flood-forecasting  service,  which  are 
due  to  lack  of  sufficient  facilities  for  promptly  gathering  and  analyzing 
data  as  well  as  to  lack  of  fundamental  knowledge  on  certain  points; 
but  it  also  makes  vigorous  efforts  to  reduce  these  draw-backs  and 
make  the  service  more  nearly  perfect. 

Bernard  describes  two  types  of  flood  forecasting. 

On  the  lower  reaches  of  the  larger  rivers  it  is  usually  only  necessary 
to  know  the  stage,  or  height,  of  the  river  ;it  >i  given  place  and  a  given 
time  upstream  in  order  to  know  what  it  will  be  a  certain   number  of 
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hours  (or  days1  later — long  enough  for  effective  preparation — at  a 
given  place  downstream. 

Farther  up  the  main  rivers,  and  on  tributary  streams,  the  problem 
is  much  more  complicated.  Rates  of  flow  are  not  uniform  because 
slopes  are  steeper:  nu  :ns.  short  distances  apart,  are  pouring 

into  one:  cha    _  swift  because  of  the  short  distances.     It  is 

necessary  to  base  forecasts  on  such  fundament;"'-     -  ther  predic- 

tions, especially  of  amoimts  of  rainfall;  the  condition  of  the  ground, 
especially  its  capacity  to  absorb  water:  run-off  from  melting  snow. 
Not  only  the  seasonal  conditions  but.  during  the  danger  season,  the 
day-to-day  and  finally  the  hoiir-by-hour  changes  must  be  studied  and 
reported  to  central  stations  by  a  network  of  observers  working  under 
carefully  prepared  instruct i      s 

To  show  vivid.  m  operates.  Bernard  describe b 

procedure  diiring  a  flood  on  the  Shenandoah  River  in  late  January  and 
early  February  19  :he  beginning  of  the  storm,  only  10  percent 

of  the  water  was  rimning  off  the  ground.  At  the  end.  75  percent  was 
running  off.     Bernard  st  what  information  the  forecaster  had 

at  each  step  and  how  his  forecasts  compared  with  the  actual  flood 
conditions  later  on.  In  this  case  it  was  possible  to  predict  the  crest 
of  the  flood  40  hours  in  advance. 

How  the  Daily  Fore<  vst  Is  Made 

The  brief  daily  weather  fore  _       :i  the  newspaper  and  over 

the  radio  is  familiar  t  :ie.  and  everyone  uses  it  in  one  way  or 

another.  It  is  put  in  words  as  commonplace  as  those  a  doctor  uses 
when  he  tells  us  we  have  such-and-such  a  disease  and  the  outlook  for 
recovery  is  such-and-such.     Back  of  the  doctor's  diagnosis  and  prog- 

-  -  however,  there  is  a  complicated  process  of  observation,  testing, 
and  reasoning  based  on  painfully  acquired  knowle  _  So  with  the 
weather  forecast.  It  will  never  be  possible.  Mitchell  believes. 
to  predict  weather  with  100-percent  accuracy  for  more  than  a  few 
hours  in  advance  even  for  an  area  as  small  as  a  si:  _ .  S  te;  the  changes 
that  result  from  conditions  great  distances  away  are  too  involved  in 
their  nature  and  origin.  Nevertheless,  by  spreading  the  network  of 
observations,  by  rapid  commimication.  and  by  developing  a  more 
scientific  approach  to  meteorology,  modern  forecasting  has  made 
notable  strides  toward  the  goal  that  it  will  perhaps  never  quite  reach. 

Because  of  the  importance  of  upper-air  observations  in  present-day 
forecasting.  Wexler  gives  a  brief  siunmary  of  the  history  of  these 
observations  since  the  time  when  Alexander  Wilson,  of  Glasgow,  began 
sending  thermometers  up  on  kites  in  1749.  Subsequent  developments 
included  the  use  of  mountaintop  stations,  free  balloons,  box  kites. 
pilot  balloons,  and  finally,  in  very  recent  years,  the  radiosonde. 

Mitchell  then  outlines  the  network  of  observation  points  from  which 
data  flow  in  daily  :ict  forecasting  center.     From  this  informa- 

tion, plotted  on  char:-  -  rially  trained  men.  the  forecaster  sees 
the  areas  of  low  and  high  barometric  pressure  at  sea  level:  the  principal 
"fronts"  between  different  kinds  of  air  mas-  -  perature.  dew 

point,  cloudiness,  and  precipitation,  and  the  3r-hour  and  the  12-hour 
n  ire  changes,  at  each  reporting  station.  He  also  sees  the  vertical 
structure  of  the  atmosphere  for  several  miles  up.     This  upper-air 


Climate  and  Man — A  Summary     •     57 

information  includes  the  direction  and  velocity  of  the  wind  and  the 
temperature  and  humidity  conditions  at  various  levels,  and  again  the 
distribution  of  pressure,  including  the  position  of  pressure  centers  and 
troughs  of  low  pressure. 

All  of  these  data  come  in  in  code  messages,  which  are  translated 
while  the  charts  are  being  made.  Translating  and  charting  takes  up 
most  of  the  time — at  least  1%  hours.  The  forecaster  does  not  get  a 
really  complete  picture  imtil  the  last  moment;  but  after  the  charting 
is  completed,  the  actual  making  of  the  forecast  takes  only  15  or  20 
minutes.  Meanwhile,  however,  the  forecaster  has  been  studying, 
digesting,  and  comparing  data,  checking  and  rechecking  the  charts 
and  diagrams  against  each  other,  and  deciding  which  conclusion  to  use 
in  cases  where  two  or  more  are  in  conflict. 

To  illustrate  the  procedure  in  some  detail,  Mitchell  takes  a  specific 
case — the  weather  forecast  made  on  the  morning  of  March  29,  1939, 
for  the  Eastern  District,  which  covers  16  States  and  the  District  of 
Columbia.  It  is  an  "easy"  case,  without  major  complications,  but 
to  the  general  reader  it  will  seem  quite  complicated  enough. 

Mitchell  reproduces  several  of  the  charts  used  by  the  forecaster  on 
that  date — the  sea  level  weather  chart,  the  upper-air  chart  for  the 
10,000-foot  level,  the  flow  pattern  for  a  selected  upper-air  surface,  and 
two  vertical  cross  sections  through  a  low-pressure  disturbance  over  the 
Middle  West.  He  discusses  what  is  happening  at  various  places 
along  the  cold  front,  where  cold  air  pushes  against  warm  air;  the 
location  of  the  warm  fronts,  where  the  reverse  occurs;  the  nature  of 
the  wave  disturbances  in  various  places;  why  there  is  clear,  cloudy, 
and  rainy  weather  at  certain  points;  and  the  significance  of  various 
kinds  of  pressure  changes.  He  analyzes  the  upper-air  charts  in  some 
detail  and  shows  what  is  happening  to  "islands''  of  dry  air  and 
"tongues"  and  currents  of  moist  air  aloft.  Finally  he  extends  or 
"extrapolates''  into  the  future  the  past  movements  of  the  high-  and 
low-pressure  centers  and  of  a  low-pressure  cold-front  trough  and 
indicates  where  they  will  be  located  by  the  end  of  another  24  hours. 

From  the  knowledge  thus  gained  as  to  the  arrangement  of  surface 
air  masses  in  relation  to  fronts,  troughs,  wedges,  and  centers,  the 
forecaster  predicted  the  wind  directions  and  approximate  velocities. 
the  changes  in  temperature,  and  the  precipitation  that  would  occur 
during  the  forecast  period  in  the  16  States  in  his  district. 

The  reader  realizes  that  much  is  omitted — allot"  the  highly  technical 
calculations,  in  fact.  To  include  these  would  make  the  account 
unreadable  except  by  the  expert.  As  it  is.  the  procedure  is  obviously 
not  one  for  the  amateur,  though  the  latter  can  become  rather  expert  in 
a  certain  limited  kind  of  local  forecasting. 

The  Scientific  Basis  of  Modern  Meteorology 

Early  in  this  introduction  to  the  Yearbook  it  was  pointed  out  that 
weather  science  has  gone  through  revolutionary  developments  within 
the  past  few  years,  and  one  or  another  aspect  of  the  newer  knowledge 
of  the  science  has  been  discussed  in  various  articles.  Rossby's  article 
is  a  survey  of  the  present  state  of  the  science  as  a  whole.  He  gives 
the  physical  basis  of  modern  meteorology  insofar  as  it  is  now  under- 
stood, apologizing  for  the  fact  that  his  account  is  much  oversimplified. 
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This  summary  attempts,  not  very  successfully,  to  simplify  it  still 
further.  Readers  who,  like  this  editor,  find  even  a  semitechnical 
discussion  of  the  physics  of  meteorology  rather  hard  going  can  get  a 
good  deal  of  information  from  the  unusual  set  of  charts  and  diagrams 
accompanying  Rossby's  article.  The  editor  would  like  to  point  out 
that  to  visualize  even  the  more  elementary  aspects  of  atmospheric 
circulation  over  the  earth  is  not  easy,  since  you  have  to  imagine  that 
you  are  a  mile  or  two  up  in  the  air,  on  your  stomach  with  your  head 
toward  the  North  Pole,  a  clock  nearby  lying  on  its  back  so  you  can 
readily  tell  which  is  clockwise  and  which  counterclockwise  rotation — 
also  a' mirror  so  you  can  see  how  everything  would  be  reversed  if  you 
were  in  the  Southern  instead  of  the  Northern  Hemisphere;  and  you 
have  to  remember  constantly  that  a  south  wind  is  a  northward- 
moving  wind,  an  east  wind  a  westward-moving  wind,  and  vice  versa. 

The  atmosphere  is  a  turbulent  fluid  subjected  to  strong  heat  influ- 
ences from  the  earth  and  the  sun  and  to  strong  mechanical  influences 
because  it  moves  over  a  rough,  rotating  surface.  Theoretically,  what 
happens  under  such  conditions  can  be  fully  explained  by  the  physical 
laws  of  mechanics  and  heat.  There  are  large  gaps,  however,  in  our 
knowledge  of  how  to  apply  these  laws  under  some  of  the  conditions 
involved,  and  also  in  our  observations  of  the  conditions  themselves. 
Long-range  weather  forecasting  will  be  relatively  crude  and  lacking 
in  accuracy  until  the  gaps  of  both  types  are  more  nearly  filled. 

Rossby  shows  (1)  the  atmospheric  conditions  that  would  result 
purely  from  the  heating  of  the  earth  by  the  sun,  disregarding  the 
uneven  distribution  of  heat,  the  earth's  rotation,  and  the  uneven  dis- 
tribution of  land  and  water.  Then  he  shows  (2)  how  uneven  heating — 
torrid  Equator  and  cold  extremities — would  modify  this  first  set  of 
conditions;  then  (3)  how  the  earth's  rotation  would  modify  both  sets; 
and  finally  (4)  how  the  existence  of  great  land  masses  in  the  Northern 
Hemisphere  would  modify  all  three  sets. 

(1)  Of  the  radiant  energy  reaching  the  earth's  outer  atmosphere 
from  the  sun,  about  40  percent  is  stopped  by  clouds,  air  molecules, 
and  dust;  60  percent  reaches  the  earth's  surface,  where  it  is  absorbed, 
turned  into  heat,  and  radiated  back  to  space.  Here  part  of  it  is 
absorbed  by  water  vapor  in  the  lower  atmosphere,  which  in  turn 
sends  some  of  it  upward,  some  of  it  back  to  earth.  Thus  the  ground 
receives  heat  from  two  sources — the  sun  and  the  blanket  of  atmos- 
phere— and  its  mean  temperature  is  always  higher  than  that  of  the 
air.  which  is  losing  heat  in  two  directions,  upward  and  downward. 
The  atmosphere  is  warmest  at  the  bottom.  It  loses  heat  rapidly  in 
the  lower  layers,  more  slowly  with  increasing  height.  At  great  heights, 
in  the  stratosphere,  the  temperature  is  nearly  constant  up  to  perhaps 
15  miles  above  sea  level. 

When  gases  and  liquids  are  heated,  they  expand  and  lose  weight. 
When  they  are  cooled,  they  become  heavier  and  settle.  This  accounts 
for  the  familiar  process  of  convection — the  same  process  that  keeps 
the  water  circulating  in  a  hot-water  heating  system.  If  only  radiation 
were  involved  and  the  earth  were  uniformly  heated  all  over,  the  circu- 
lation of  the  atmosphere  would  be  confined  to  up-and-down  currents. 
There  would  be  no  organized,  horizontal  north-and-south  circulation 
(this  is  called  meridional  circulation  by  meteorologists). 
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(2)  North-and-south.  or  meridional,  circulation  is  brought  about 
because  the  Equator  faces  the  sun  directly  whereas  the  Poles  face  it 
at  a  slant;  thus  the  same  amount  of  heat  has  to  spread  over  a  larger 
area  at  the  Poles,  and  they  are  colder  than  the  Equator.  Since  the 
heated  air  at  the  Equator  moves  up  toward  space  and  the  cold  ah*  at 
the  Poles  tends  to  sink  and  hug  the  earth,  there  is  less  air  and  there- 
fore less  pressure  in  the  upper  atmosphere  at  the  Poles.  Gases  tend 
to  move  from  an  area  of  greater  to  an  area  of  less  pressure.  The 
upper  air,  then,  moves  toward  the  Poles.  As  it  piles  up  there,  it  puts 
the  lower  air  at  the  Poles  under  more  pressure  while  at  the  Equator 
the  lower  air  is  losing  pressure.  Thus  the  air  near  the  earth's  surface 
flows  from  the  Poles  (area  of  higher  pressure)  toward  the  Equator 
(area  of  lower  pressure). 

(3)  Warm  air,  then,  drifts  northward  in  the  upper  atmosphere; 
cold  air  drifts  southward  in  the  lower  atmosphere.  But  this  simple, 
rather  slow  circulation  is  greatly  complicated  by  the  fact  that  the 
earth  spins  from  west  to  east,  dragging  the  atmosphere  along  with  it. 

A  ring  of  air  extending  around  the  earth  and  starting  out  at  the 
Equator  with  the  same  west-to-east  speed  as  the  earth  (that  is, 
stationary  with  relation  to  the  earth)  and  moving  northward  will  be 
traveling  in  a  constantly  smaller  circle  as  it  approaches  the  Pole  and 
will  therefore  pick  up  speed  in  relation  to  the  speed  of  the  earth 
rotating  under  it.  In  other  words,  at  any  place  north  of  its  starting 
point,  it  will  be  traveling  faster  than  the  earth  but  in  the  same 
direction,  west  to  east ;  so  it  will  appear  as  a  circumpolar  west  wind  to 
an  observer  on  the  earth.  The  upper  air  does  drift  northward;  hence 
west  winds  develop  in  the  upper  atmosphere. 

On  the  other  hand,  a  circumpolar  ring  of  air  starting  southward 
from  the  polar  regions  at  the  same  speed  as  the  earth  will  be  traveling 
in  a  constantly  larger  circle  as  it  approaches  the  Equator  and  will 
therefore  lose  speed  in  relation  to  the  speed  of  the  earth  at  any  place 
south  of  its  starting  point.  Since  it  is  going  slower  than  the  earth, 
it  will  appear  to  be  moving  backward;  in  other  words,  it  will  be  an 
east  wind.  The  lower  air  does  drift  southward  from  the  Pole;  hence 
east  winds  develop  in  the  lower  atmosphere. 

This  arrangement — east  winds  below,  west  winds  aloft — does  not 
hold  over  the  entire  Northern  Hemisphere,  however.  Other  things 
occur  to  complicate  it. 

The  west  winds  in  the  upper  atmosphere  are  moving  faster  than 
the  earth.  Thus  they  tend  to  be  thrown  away  from  the  earth's  axis, 
outward,  by  their  own  excess  of  centrifugal  force.  This  means  that 
they  tend  to  be  flung  southward  toward  the  Equator — the  latitude 
that  is  farthest  away,  vertically,  from  the  axis.  On  the  other  hand, 
the  east  winds  at  the  surface  are  moving  slower  than  the  earth; 
hence  they  tend  to  be  flung  downward,  toward  the  axis — that  is, 
northward,  since  northern  latitudes  are  nearest  the  axis  by  their 
own  deficiency  of  centrifugal  force. 

As  a  ring  of  air  is  flung  southward,  it  piles  up  or  banks  on  the 
south  side.  It  keeps  piling  up  until  there  is  enough  pressure  on  this 
side  to  stop  any  further  movement  in  that  direction.  West  winds 
(the  ones  that  tend  to  be  flung  southward)  thus  build  up  high  pres- 
sure toward  the  south  and  have  lower  pressure  toward  the  north. 
Baal  winds  (the  ones  that  tend  to  be  flung  northward)  do  the  opposite; 
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they  build  up  high  pressure  toward  the  north  and  have  lower  pressure 
toward  the  south. 

For  an  observer  facing  downwind,  then,  there  is  always  high 
pressure  on  the  right,  low  pressure  on  the  left;  that  is,  the  pressure 
drops  from  right  to  left.  When  air  goes  around  an  area  of  low  pres- 
sure it  goes  to  the  left  (counterclockwise),  creating  what  is  called  a 
cyclone.  When  it  goes  around  an  area  of  high  pressure,  it  goes  to 
the  right  (clockwise),  creating  what  is  called  an  anticyclone. 

Now  what  happens  as  a  result  of  these  various  forces? 

Heated  air  in  the  lower  latitudes,  near  the  Equator,  rises  upward, 
drifts  northward,  and  appears  as  west  winds  at  high  levels.  As  it 
moves  northward  it  loses  heat  fairly  rapidly  and  sinks.  By  the  time 
it  reaches  30°  north  latitude  some  of  it  has  sun'k  to  the  ground  level, 
where  it  spreads  out  fan  wise,  part  of  it  going  south,  part  north. 

The  part  that  goes  south  builds  up  high  pressure  on  the  south  side, 
bends  around  clockwise,  and  becomes  an  east  wind.  The  part  that 
goes  north  similarly  becomes  a  west  wind. 

Thus,  in  general,  there  are  east  winds  at  the  ground  from  30°  N. 
toward  the  Equator,  but  west  winds  at  the  ground  from  30°  N. 
toward  the  Pole. 

Meanwhile,  near  the  North  Pole,  the  southward-drifting  air  at  the 
surface  appears  as  an  east  wind.  Eventually,  at  about  60°  N.,  it 
meets  the  warmer  northward-drifting  west  winds  that  had  started  at 
about  30°.  The  latter  are  forced  upward  over  the  cold  air  from  the 
Pole  and  tend  to  move  back  toward  the  Equator. 

Thus  instead  of  uniform  east  winds  at  the  surface  throughout  the 
Northern  Hemisphere,  there  are  actually  three  different  belts,  or 
cells,  as  the  meteorologist  calls  them — east  winds  from  the  Equator 
to  30°  N.,  west  winds  from  30°  to  60°  N.,  and  east  winds  again  from 
60°  to  the  Pole, 

In  the  upper  air,  there  are  west  winds  from  the  Equator  to  30°  N., 
and  again  from  60°  N.  to  the  Pole.  Between  30°  and  60°  N.  the 
upper  air  moving  back  toward  the  Equator  should  appear  as  east 
winds,  but  it  is  forced  to  move  in  the  opposite  direction  by  friction 
from  and  mixing  with  the  west  winds  to  the  north  and  south  of  it. 
At  high  levels,  then,  the  wind  is  uniformly  west  over  the  entire  hemis- 
phere. 

Not  only  the  east-and-west  but  the  north-and-south  movement  of 
air  breaks  up  into  three  cells,  it  will  be  noted.  From  the  Pole  to 
60°  N.,  the  surface  air  drifts  southward,  the  upper  air  northward. 
From  60°  to  30°  N.,  the  surface  air  drifts  northward,  the  upper  air 
slightly  southward.  From  30°  N.  to  the  Equator,  the  surface  air 
drifts  southward,  the  upper  air  northward.  Circulation  in  the  middle 
cell  (30°  to  60°  N.),  then,  is  in  general  opposite  to  that  in  the  two 
extreme  cells,  and  it  acts  as  a  brake  on  both  of  them. 

In  the  northernmost  cell,  where  there  are  east  winds  at  the  surface, 
the  sea  level  pressure  drops  toward  the  south  (the  left),  reaching  its 
lowest  point  at  60°  N.  Sea  level  pressure  in  the  middle  cell,  with 
west  winds,  drops  toward  the  north  (the  left),  also  reaching  its  lowest 
level  at  60°  N.  At  this  latitude,  then,  there  is  a  belt  (trough)  of  low 
pressure. 

In  the  middle  cell,  pressure  rises  southward  until  it  reaches  its 
highest  point  at  30°  N.     This  also  coincides  with  the  highest  pressure 
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in  the  southernmost  feast  wind)  cell,  where  there  is  a  pressure  build- 
up northward,  a  drop  southward.  Thus  around  latitude  30°  N. 
there  is  a  belt  (ridge)  of  high  pressure.  Below  30°  N.  the  pressure 
falls  steadily  toward  the  Equator. 

In  the  upper  air.  on  the  other  hand,  with  west  winds  prevailing 
everywhere,  the  pressure  rises  southward  from  the  Pole  all  the  way 
to  the  Equator. 

From  the  standpoint  of  weather,  the  most  interesting  and  critical 
zone  is  around  latitude  60°  X..  the  boundary  between  the  northern- 
most cell  and  the  middle  cell.  This  is  a  belt  of  low  pressure  where 
the  cold  air  from  the  Pole,  with  prevailing  east  winds,  meets  the 
warmer  air  moving  northward  in  the  middle  cell,  with  prevailing  west 
winds.  Here  the  cold,  dry  polar  air  and  the  warm,  moist  subtropical 
air  are  in  constant  battle.  Wedgelike  tongues  of  cold  air  push  under 
the  warm  ah',  forcing  it  to  higher  levels,  where  the  moisture  con- 
denses, forming  clouds  and  falling  as  rain  or  snow.  Strong  tempera- 
ture contrasts  and  a  rapid  succession  of  wet  and  dry  spells  charac- 
terize this  polar  front. 

Along  the  polar  front  there  are  great  horizontal  waves  and  eddies 
formed  in  a  very  complicated  way  and  due  fundamentally  to  the  rota- 
tion of  the  earth  on  its  axis. 

This  rotation  gives  the  ground  under  our  feet,  and  any  object  on 
the  ground — such  as  a  column  of  air — a  counterclockwise  (cyclonic) 
rotation  in  the  Northern  Hemisphere  and  a  clockwise  (antieyclonic) 
rotation  in  the  Southern  Hemisphere;  and  the  speed  of  this  rotation 
decreases  toward  the  Equator.  A  column  of  air  near  the  North  Pole 
with  a  cyclonic  rotation  equal  to  that  of  the  earth  itself  is  of  course 
at  rest  in  relation  to  the  earth's  surface.  But  if.  keeping  its  original 
speed  of  rotation,  it  moves  southward,  it  will  be  rotating  faster  and 
faster  in  relation  to  the  surface  of  the  earth  the  nearer  it  gets  to  the 
Equator.  A  narrow  current  from  the  north,  consisting  of  a  number 
of  such  columns,  will  twist  or  bend  to  the  left  over  the  surface,  travel- 
ing first  eastward  fas  a  west  wind),  then  northward  (as  a  south  wind  . 
As  it  moves  back  northward,  it  will  lose  some  of  its  relatively  greater 
rotation  speed  because  the  earth  itself  rotates  faster  northward,  and 
eventually  it  will  reach  a  point  where  it  will  be  rotating  more  slowly 
than  the  earth's  surface.  In  relation  to  the  ground,  it  will  then  have 
a  right-to-left  or  anticyclonic  rotation,  and  it  will  bend  to  the  right, 
traveling  first  eastward  (as  a  west  wind),  then  southward  (as  a  north 
wind).  At  some  point  to  the  south  it  will  again  have  a  stronger 
cyclonic  rotation  than  the  earth's  surface,  and  the  whole  process  will 
be  repeated. 

There  is  a  pronounced  difference  in  behavior  between  narrow 
currents,  which  move  rapidly  from  one  latitude  to  another,  and 
broad  circumpolar  rings  of  air.  which  slowly,  almost  imperceptibly, 
change  their  latitude.  The  current  of  air  moves  in  a  series  of  waves. 
oscillating  back  and  forth  across  a  latitude  circle.  If  a  west  wind  is 
deflected  northward  at  some  point,  it  will  form  just  such  great  waves. 

On  the  other  hand,  for  similar  reasons  connected  with  relative  rota- 
tion speeds,  east  winds  tend  to  form  large  spiral  eddies,  instead  <>f 
-    -cyclonic  eddies  if  the  wind  is  originally  deflected  northward, 
antieyelonic  eddies  if  it  is  deflected  southward. 
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The  stronger  the  wind  in  either  of  these  eases,  the  longer  the  wave 
or  the  larger  the  eddy. 

Thus  when  the  west  winds  in  the  middle  cell  are  disturbed,  they  set 
up  a  wavelike  pattern  along  the  polar  front,  and  the  disturbed  east 
winds  in  the  northern  cell  set  up  circular  eddies.  The  cold  eddies 
from  the  north  push  southward  in  the  troughs  of  the  waves;  warm 
air  from  the  south  pushes  northward  in  the  crests.  As  a  result  of 
these  opposing  forces,  the  polar  front  as  a  whole  constantly  shifts.  It 
breaks  up  into  separate  parts,  individual  polar  fronts,  extending  from 
southwest  to  northeast.  Along  these  fronts  minor  waves,  the  typical 
cyclone  waves,  form,  also  normally  moving  northeastward. 

The  dominating  major  wave  length  depends  on  the  speed  of  west 
winds.  The  stronger  they  are,  the  longer  the  waves  and  the  fewer 
the  troughs  in  which  cold  air  pushes  southward.  These  west  winds 
set  the  pattern  of  individual  polar  fronts  along  which  polar  air  can 
push  southward.  The  interaction  of  cold  and  warm  air  masses  in 
each  major  front  in  turn  is  responsible  for  the  storms  that  control 
day-by-day  weather  changes  during  the  cold  half  of  the  year,  when 
the  polar  front  sometimes  extends  all  the  way  to  or  even  beyond  the 
southern  boundary  of  the  United  States. 

It  is  therefore  extremely  important  to  develop  some  index  of  the 
intensity  of  the  west  winds  in  the  middle  latitudes.  From  week  to 
week  there  are  very  great  fluctuations  in  this  intensity  as  measured 
by  the  difference  in  mean  pressure  between  latitude  35°  N.  (near  the 
subtropical  high-pressure  ridge — southern  boundary  of  the  middle 
cell)  and  latitude  55°  N.  (near  the  low-pressure  trough — northern 
boundary  of  the  middle  cell).  Until  these  fluctuations  are  understood, 
Rossby  points  out,  there  can  be  no  adequate  long-range  weather 
forecasting. 

From  a  mechanical  standpoint,  the  middle-cell  west  winds  are  not,  as 
it  were,  self -generated ;  they  are  largely  the  resultant  of  atmospheric 
circulation  between  heat  sources  in  the  southern  or  equatorial  cell  and 
cold  sources  in  the  northern  or  polar  cell.  Thus  a  satisfactory  under- 
standing of  variations  in  circulation  intensity  depends  on  getting 
fairly  complete  daily  temperature  and  humidity  data  from  the  upper 
atmosphere  not  only  in  the  middle  cell  but  throughout  the  Northern 
Hemisphere. 

(4)  In  the  Southern  Hemisphere  the  polar-front  pattern  works  out 
with  considerable  regularity.  In  the  Northern  Hemisphere,  however, 
the  existence  of  large  continents  greatly  disturbs  the  regularity  of  the 
pattern.  The  snow  cover  over  immense  areas  of  land  in  winter  re- 
flects back  most  of  the  sparse  heat  from  the  sun  and  makes  these  areas 
manufacturing  plants  for  cold  air.  In  effect,  over  a  large  continent 
the  polar  front  is  pushed  far  to  the  south,  and  it  tends  to  be  parallel 
to  the  boundaries  of  the  continent.  Rossby  describes  in  some  detail 
the  circulation  of  the  atmosphere  and  the  polar-front  zones  that  result 
from  the  massing  of  continents  in  the  Northern  Hemisphere,  as  well 
as  the  profound  effects  of  strong  and  weak  circulation,  with  their 
accompanying  pressure  changes,  on  weather  in  the  United  States.  He 
is  particularly  interested  in  working  out,  as  far  as  possible,  two  ideal- 
ized pressure  patterns — one  for  maximum  and  one  for  minimum  circu- 
lation intensity — as  an  aid  in  classifying  and  understanding  weather 
types. 
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Finally,  on  the  basis  of  the  previous  ground  work,  he  discusses  three 
other  points  in  addition  to  the  four  already  given:  (o)  What  happens 
along  a  polar-front  wave ;  (6)  summer  circulation  patterns,  which  are 
quite  different  from  those  in  winter;  and  (7)  long-range  (5-day) 
forecasting. 

(5)  Along  each  of  the  several  disconnected  polar  fronts  running  from 
southwest  to  northeast  there  will  be  minor  waves  (the  typical  cyclone 
waves  responsible  for  our  daily  weather)  traveling  from  southwest  to 
northeast.  In  the  advanced  crest  of  such  a  wave  the  warm  air  pushes 
up  over  and  replaces  the  cold  air.  This  portion  of  the  front  is  called 
the  warm  front  of  the  wave.  In  the  rear,  or  trough,  of  the  wave  the 
wedge  of  cold  air  pushes  southward  under  arid  replaces  the  warm  air. 
This  part  of  the  front  is  called  the  cold  front.  The  advancing  cold 
air  in  the  trough  of  the  wave  moves  faster  than  the  advancing  warm 
air  in  the  crest;  and,  constantly  bending  around  counterclockwise  with 
a  spiral  motion,  the  trough  eventually  overtakes  the  crest  and  wipes 
it  out,  or  occludes  it.  This  merely  means  that  all  of  the  warm  air  has 
been  forced  upward  and  the  cold  air  has  spread  out  over  a  larger  area 
next  to  the  ground.  Meanwhile  some  of  the  shallow  layer  of  cold  air 
brought  southeastward  is  eventually  warmed  and  in  turn  is  ready  to 
be  forced  upward. 

At  the  cold  front,  the  forced  ascent  of  warm  air  is  violent  and  inter- 
mittent, resulting  in  squally  winds  and  cumulus-type  clouds.  At  the 
warm  front,  the  air  ascends  more  steadily  and  condensation  aloft 
produces  steady  rain.  Once  the  fronts  have  occluded,  with  the  warm 
air  above  and  the  cold  air  below,  the  arrangement  is  more  stable,  and 
there  is  a  tendency  for  it  to  hold  for  some  time  as  a  large-scale  cyclonic 
spiral. 

(6)  In  summer  the  same  general  principles  hold,  but  they  work  out  in 
a  different  and  less  clear-cut  pattern.  The  polar  front  moves  back 
northward — farther  back  over  the  continents  than  over  the  oceans. 
In  summer  the  continents  manufacture  warm  rather  than  cold  air,  and 
there  is  much  less  contrast  between  temperatures  in  the  north  and 
those  in  the  south  than  in  winter.  In  fact,  the  temperature  contrast 
between  ocean  and  land  is  now  greater  than  that  between  northern  and 
southern  land  areas;  consequently  the  oceans  become  the  cold-air 
factories  and  dominate  the  general  circulation.  But  the  cold  air 
generated  over  the  oceans  spreads  very  slowly  and  thus  tends  to  form 
large  anticyclonic  cells.  Because  the  large-scale  changes  are  slow, 
local  factors  have  more  time  to  act,  and  they  are  more  important  in 
determining  summer  than  winter  weather. 

Rossby  gives  a  fairly  detailed  account  of  the  summer  air  circulation 
over  North  America.  Since  circulation  patterns  are  not  clearly  estab- 
lished next  to  the  ground,  it  is  necessary  to  study  them  in  the  upper  air. 
Temperature,  humidity,  and  wind  data  are  used  in  special  ways  and 
combined  on  what  is  called  an  isentropic  chart.  A  succession  of  these 
charts  shows  that  over  North  America  in  summer  the  circulation  of 
the  free  (upper)  air  is  dominated  by  anticyclonic  (clockwise)  vortices  or 
spirals.  Great  tongues  of  moist  and  of  dry  air  are  brought  in  over 
the  continent.  The  clockwise  eddies  change  so  slowly  that  one  pattern 
will  be  repeated  day  after  day  on  a  set  of  charts  over  a  considerable 
period  of  time.  Since  the  available  humidity  over  a  given  area  can 
be  worked  out  from  the  data  used,  it  is  possible  to  predict  whether 
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rain  will  result  if  a  given  set  of  conditions  occur,  or  whether  the  weather 
will  be  dry  because  there  is  not  enough  available  humidity  to  produce 
rain.  - 

(7)  It  has  already  been  pointed  out  that,  it  will  not  be  possible  to 
do  very  specific  long-range  weather  forecasting  until  there  is  a  better 
understanding  of  the  changes  in  circulation  intensity  that  are  asso- 
ciated with  (and  probably  cause)  changes  in  the  circulation  pattern. 
The  relative  slowness  of  large-scale  changes,  however  (there  is  an 
average  time  interval  of  about  6  weeks  between  one  peak  of  circulation 
intensity  and  the  next),  means  that  the  general  trend  at  any  given 
time  will  persist  long  enough  to  make  some  prediction  possible — for, 
say.  a  week  in  advance.  It  is  possible,  for  instance,  to  predict  fairly 
well  for  a  week  ahead  the  position  and  development  of  the  principal 
centers  of  action  and  the  principal  polar-front  zones,  and  hence  of  the 
prevailing  storm  tracks. 

In  the  present  5-day  forecasting  project  the  forecaster  (a)  studies 
the  behavior  of  the  circulation  index  and  the  large  centers  of  action, 
determines  their  trends,  and  on  this  basis  constructs  a  chart  giving  a 
5-day  forecast  of  the  mean  pressure  at  sea  level.  The  main  problem 
here  is  to  decide  whether  the  circulation  intensity  is  going  to  increase  or 
decrease,  and  as  yet  there  are  little  more  than  persistence  tendencies  on 
which  to  base  prediction,  (b)  Constructs  a  similar  pressure  chart  for 
the  upper  atmosphere  at  the  3-kilometer  level  (about  2  miles  up). 
From  these  two  charts  the  forecaster  gets  the  locations  and  movements 
of  the  principal  frontal  zones  and  also  works  out  what  the  mean  tem- 
peratures will  be  between  sea  level  and  3  kilometers.  With  this 
knowledge  he  can  work  out  the  moist ure  content  of  the  air  and  deter- 
mine the  probability  of  precipitation,  (c)  During  the  warm  half  of  the 
year,  constructs  a  chart  of  probable  flow  patterns  for  the  next  5  days — 
the  isentropic  chart  already  mentioned. 

All  of  these  charts  are  checked  against  one  another  and  modified 
until  they  show  a  consistent  picture  of  the  probable  departures  from 
normal  temperature  and  rainfall  for  the  coming  period. 

Even  this  limited  and  not  very  specific  long-range  forecasting 
can  be  of  great  value  in  agriculture,  flood  control,  water  supply,  and 
other  services.  Rossby  considers  it  a  crude  first  step  that  is  certain 
to  be  developed  further. 

In  concluding  his  article,  he  gives  a  brief  historical  resume  of  the 
development  of  the  main  ideas  he  presents. 

Following  this  article  Rossby  gives  a  number  of  cloud  photographs, 
accompanied  by  a  brief  text,  to  illustrate  certain  weather  changes 
along  a  polar  front  as  these  changes  are  observed  from  the  ground. 
Cloud  observations,  he  points  out,  have  always  been  extremely  useful 
in  amateur  forecasting. 


PART   ONE 

Climate  as  a  World 
Influence 
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Climatic  Change 

Through  the  Ages 


By  Richard  Joel  Russell 


IT  \^  ILL  be  news  to  many  people  that  man.  during  his  geo- 
logically brief  existence  on  earth,  has  never  known  a  "normal" 
climate.  We  are  now  at  the  tail  end  of  an  ice  age  and  living  in 
a  period  of  crust al  and  climatic  violence  as  great  as  any  the 
earth  has  known.  This  is  why  we  have  to  think  so  much  about 
the  weather.  Such  periods  of  revolution  have  occurred  briefly 
several  times  in  the  history  of  the  earth.  Between  them  have 
been  the  far  longer  periods  of  crustal  peace  and  a  genial  climatic 
uniformity — the  "normal"  times  of  the  geologist.  Here  is  the 
story. 


^  'Richard  Joel  Russell,  Professor  of  Physical  Geography,  I  Collaborator, 

Soil  Conservation  Service. 
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To  the  average  man,  "as  old  as  the  hills"  has  long  been  a  synonym 
for  antiquity.  Climate,  on  the  other  hand,  is  commonly  regarded  as 
changeable  and  unstable,  and  it  is  widely  suspected  of  possessing  cyclic 
tendencies.  Both  of  these  beliefs  are  reversed  by  scientific  research. 
Hills  are  only  incidental  features  of  the  landscape,  incapable  of  de- 
fense against  long-continued  ravages  of  erosion.  The  history  of  the 
earth  is  conclusive,  however,  in  demonstrating  climatic  uniformity. 
Climate  varies,  but  the  actual  amplitude  of  change  between  the  cold- 
est and  the  warmest  geological  periods  is  surprisingly  small. 

During  most  of  geologic  time  the  climate  at  any  particular  place  on 
the  surface  of  the  earth  has  been  milder  than  that  experienced  today. 
The  contrasts  between  summer  and  winter  have  been  less  pronounced. 
Fewer  storms  have  occurred.  The  precipitation  has  been  somewhat 
lighter,  and  less  of  it  fell  as  snow  or  hail.  During  these  genial  times 
there  was  less  contrast  between  the  climates  of  differing  latitudes 
than  is  experienced  today  and  less  also  between  oceanic  coasts  and 
continental  interiors.  Such  were  the  conditions  during  several 
periods  which  are  thought  to  have  been  many  tens  of  millions  of 
years  in  length  and  which  constitute  almost  all  of  the  geologic  time 
scale.  These  periods  are  recognized  by  geologists  as  "normal"  times 
from  the  climatic  standpoint.  They  have  been  separated  by  shorter 
intervals  of  geologic  and  climatic  upset,  or  "glacial"  periods.  Man 
is  experiencing  one  of  the  latter  now  and  has  been  throughout  the 
geologically  short  interval  that  includes  the  whole  of  his  struggle  for 
domination  of  the  earth. 

The  object  of  this  article  is  to  place  climatology  in  its  geological 
perspective  and  to  examine  various  evidences  of  climatic  change. 
Starting  with  information  contained  in  rocks,  the  article  outlines  the 
histoiy  of  climates  for  the  enormous  period  of  time  that  ended  with 
the  introduction  of  instrumental  observation. 

CLIMATIC  CHANGES  OVER  LONG  PERIODS 
OF  TIME 

Historic  vs.  Geologic  Changes — A  Comparison 
of  Time  Scales 

Geologists  are  historians  whose  archives  are  the  earth's  surface 
and  whose  manuscripts  are  rocks.  By  custom  the  historian  of  man- 
kind limits  himself  to  written  documents  and  leaves  to  the  archeolo- 
gist  the  whole  "prehistoric"  period,  an  interval  many  times  longer 
than  that  of  written  history  and  also  one  far  more  significant  in  terms 
of  racial  development.  By  a  similar  custom  the  geologist  relinquishes 
to  the  astronomer,  physicist,  or  other  interested  scientist  the  major 
questions  concerning  the  actual  origin  of  the  earth  and  its  evolution 
down  to  the  time  represented  by  the  oldest  rocks  on  its  surface.  The 
geologist's  story  begins  there. 

The  essential  techniques  of  geology  are  simple.  Age  sequence  is 
determined  chiefly  through  the  line  of  reasoning  that  overlying  rocks 
are  younger  than  those  which  support  them.  Layers  of  rock  overlie 
one  another  like  so  many  blankets  in  a  pile.  Each  layer  has  been 
formed  by  processes  that  can  be  observed  at  present.     Some  are 
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sheets  of  lava  that  have  come  out  of  volcanoes.  Others  are  layers  of 
alluvium  deposited  by  flooded  streams,  layers  of  sand  accumulated  on 
old  beaches,  or  beds  of  ancient  seas  or  lakes.  In  any  case  the  upper- 
most layer  is  the  youngest,  just  as  the  topmost  blanket  was  the  last 
to  be  placed  on  the  pile. 

There  are  complications,  of  course.  Not  all  layers  have  the  same 
horizontal  extent.  In  some  parts  of  the  earth  the  rocks  have  been 
broken,  folded,  or  subjected  to  other  changes  which  blur  the  record. 
Running  water,  expansion  of  ice  during  freezing,  chemical  decay, 
and  many  other  agencies  of  weathering  and  erosion  have  removed 
vast  quantities  of  rock,  so  that  the  geologist  often  finds  his  manuscript 
in  a  very  crumpled  and  fragmentary  condition.  Patient  research 
lias  by  no  means  resulted  in  a  completely  deciphered  record,  but  it 
has  advanced  knowledge  to  a  point  where  the  main  outlines  of  geo- 
logic history  have  been  firmly  established. 

Preserved  in  some  rocks  are  the  fossil  remains  of  such  living  things 
as  were  occupying  the  earth  while  the  rocks  were  formed.  The  study 
of  fossils  is  a  special  branch  of  geology — paleontology.  This  science 
is  subdivided  into  paleozoology  and  paleobotany,  for  rocks  contain 
both  animal  and  plant  remains.  The  age  sequence  established  by 
stratigraphic  geological  methods — the  study  of  layers  of  rock — 
indicates  progressive  changes  in  both  plant  and  animal  life  during 
earth  history. 

The  oldest  rocks  show  absolutely  no  trace  of  life.  This  condition 
existed  for  about  half  of  geologic  time.  The  oldest  known  fossils 
are  the  remains  of  animals  that  lived  in  water.  It  was  only  later 
that  amphibians,  insects,  scorpions,  worms,  and  various  other  animals 
managed  to  inhabit  the  surface  of  the  land.  Still  later  came  the 
reptiles,  birds,  and  mammals.  A  similar  history  is  exhibited  by 
fossil  plants.  The  earliest  were  blue-green  algae,  water  dwellers. 
Land  plants  appeared  much  later,  and  the  first  types  were  struc- 
turally simple.  The  development  of  seeds  came  very  late  in  earth 
history,  as  did  the  first  grazing  mammals. 

If  geologic  history  is  thought  of  in  terms  of  a  set  of  books,  individual 
volumes  are  called  eras,  chapters  are  periods,  sections  of  chapters  are 
epochs,  and  paragraphs  are  stages.  These  terms  refer  to  time. 
Various  other  names  are  given  to  the  rocks  formed  during  such 
intervals,  but  these  need  not  concern  us  here,  except  that  the  rocks 
formed  during  a  stage  are  called  a  formation.  Each  formation 
consists  of  a  great  number  of  individual  layers,  called  beds,  sheets, 
lentils,  strata,  laminae,  etc.  Formations  are  designated  by  geo- 
graphical names  referring  to  the  place  where  they  were  first  described. 
Larger  subdivisions  have  been  given  geographical  names  in  some 
cases  and  descriptive  names  in  others.  Jurassic,  for  example,  refers 
to  the  Jura  Plateau  of  Switzerland,  whereas  Cretaceous  refers  to  the 
chalk  content  typical  of  certain  rocks  in  England,  Texas,  and  else- 
where. 

Though  various  methods  are  used  for  tabulating  geologic  time,  and 
customs  differ  in  different  countries,  the  simplified  scale  shown  in 
figure  1  is  typical  of  modern  practice. 
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Figure  1. — A  geological  time  scale.  The  beginning  of  the  Archean  era  at  the  top  of 
the  scale  is  believed  by  many  geologists  to  have  been  a  billion  and  a  half  years  ago. 
The  percentage  column  represents  middle-of-the-road  opinion  concerning  the  duration 
of  epochs,  periods,  and  eras.  In  the  last  column,  the  duration  of  geological  revolutions 
is  indicated  roughly  by  the  height  of  the  black  sections,  and  their  intensity  by  the  width 

of  the  sections. 
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If  the  entire  period  from  the  beginning  of  the  Archean  until  today 
were  considered  to  be  equivalent  to  1  year,  the  various  divisions  would 
be  spaced  on  the  calendar  like  this: 

Archean January  1- April  27. 

Algonkian April  28- August  22. 

Paleozoic: 

Cambrian August  23-September  1 7. 

Ordovician .  _  _  September  1 8-October  2. 

Silurian October  3-October  9. 

Devonian October  1 0-October  20. 

Mississippian October  21-October  27. 

Pennsylvanian October  28-November  7. 

Permian November  8-Noyember  1 8. 

Mesozoic: 

Triassic November  19-November  25. 

Jurassic November  26-December  2. 

Lower  Cretaceous December  3-December  6. 

Upper  Cretaceous December  7-December  17. 

Cenozoic: 

Tertiary December  18-December  31,  6  p.  m. 

Quaternary December  31,  6-12  p.  m. 

[Historic  time  begins  about  1  minute,  12  seconds  before 

midnight  December  31] 

It  is  believed  that  some  billion  and  a  half  years  are  represented  by 
this  time  scale,  evidence  being  furnished  chiefly  through  the  effects 
of  disintegration  of  radioactive  minerals  in  rocks.  Just  how  much 
"cosmic  time"  elapsed  prior  to  the  formation  of  the  oldest  rock  is 
unknown  to  geologists. 

From  the  climatic  standpoint  it  is  interesting  to  know  that  the 
oldest  rooks,  the  Coutchiching  series  of  Rainy  Lake,  in  western  On- 
tario, include  conglomerates  (old  gravels)  which  were  deposited  by 
running  water  under  physical  conditions  not  greatly  different  from 
those  of  today.  The  geologic  time  scale  does  not  extend  back  to  a 
time  when  the  earth  was  molten,  or  even  to  a  time  when  the  crust 
had  any  significantly  higher  temperature  than  at  present. 

The  details  of  geologic  history  grow  dimmer  with  age  and  thus 
resemble  the  history  of  man.  The  historian  knows  as  little  about  the 
details  of  stone  or  bronze  age  history  as  does  the  geologist  about  the 
details  of  the  Archean  and  Algonkian  eras.  Ancient  history  is  known 
from  a  small  but  very  significant  group  of  documents,  something  like 
the  geologist's  knowledge  of  the  early  Paleozoic.  Vastly  more  detail 
is  available  for  the  study  of  medieval  history,  as  for  the  Mesozoic, 
and  an  overwhelming  amount  of  fact  requires  that  the  student  of 
modern  history,  or  of  the  Cenozoic,  become  a  specialist  in  some  small 
portion  of  the  field. 

Reconstruction  of  Geologic  Climates 

That  "the  present  is  the  key  to  the  past"  is  one  of  the  fundamental 
working  hypotheses  of  the  geologist.  Departures  from  this  rule  must 
be  applied  with  caution;  yet  the  evidence  shows  that  many  must  be 
made.  Many  geologists  believe  that  continents  have  occupied  rather 
fixed  positions  throughout  geologic  time,  but  there  are  some  who 
adduce  evidence  to  show  that  continental  drifting  has  shifted  their 
relative  positions.  All  geologists  agree  that  vast  areas  have  been 
upheaved  into  mountains  or  plateaus  only  to  have  been  worn  down 


72.     •      Yearbook  oj  Agriculture,  1941 

again.  Geologists  also  agree  that  seas  have  expanded  at  various  times 
so  that  no  part  of  any  continent  has  escaped  flooding  at  one  time  or 
another  during  geologic  history.  Thus,  at  best,  the  details  of  the 
present  are  only  roughly  those  of  the  past. 

Both  physical  and  biological  evidence  leads  to  the  conclusion  that 
the  present  is  in  many  ways  a  poor  guide  for  the  reconstruction  of 
climates  of  earlier  geologic  periods.  Yet  it  is  from  evidence  of  today's 
earth  that  we  must  obtain  the  climatological  knowledge  to  back  such 
a  conclusion.  We  must  reconstruct  the  climates  of  the  past  on  the 
basis  of  such  correlations  as  now  exist  between  soils,  plant  and  animal 
life,  erosional  conditions,  and  their  climatic  settings.  A  sound  paleo- 
climatology,  the  science  of  ancient  climates,  can  be  established  only 
by  persons  well  grounded  in  such  fields  as  meteorology,  climatology, 
ecology,  and  geography  of  the  present  who  also  possess  a  substantial 
background  of  geologic  information. 

On  the  biological  side  we  must  accept  the  general  hypothesis  that 
today's  restrictions  in  the  distribution  of  plants  and  animals  are 
guides  to  climates  of  the  past.  It  is  reasonable  to  believe,  for  example, 
that  cold-blooded  reptiles,  today  sharply  restricted  in  geographic 
range  by  their  physical  inability  to  stand  long  periods  of  freezing  or 
prolonged  exposure  to  intense  heat,  must  have  been  similarly  handi- 
capped in  the  past.  If  the  skeletal  remains  of  reptiles  are  found  in 
the  rocks  of  such  places  as  the  Antarctic  Continent,  where  reptilian 
life  is  now  impossible,  one  naturally  concludes  that  temperatures 
there  were  more  genial  while  the  animals  were  living.  But  one  must 
always  use  caution  in  drawing  such  conclusions.  The  mammoth 
bones  of  Alaska  and  Siberia  might  be  interpreted  as  suggesting  tropical 
conditions  there  at  some  time,  but  we  know  that  these  animals, 
unlike  their  naked  close  relatives  of  Africa  and  India,  the  elephants, 
were  covered  with  a  thick  coat  of  wool  and  thus  were  able  to  penetrate 
into  a  truly  cold  climate. 

Plant  distribution  is  particularly  useful  as  a  guide  to  existing 
climatic  boundaries  and  assists  greatly  in  reconstructing  climates  of 
the  past  (17). 2  It  is  very  unlikely  that  these  simple  organisms  had 
means  of  adjusting  themselves  to  rapid  climatic  change.  It  is  true 
that  individual  types,  such  as  the  tough-skinned  succulent  cactus  of 
the  desert,  the  flaring-based  bald  cypress  of  the  Gulf -coast  swamps, 
and  the  dwarfed,  small-leaved  chaparral  of  the  southern  California 
hills,  are  remarkably  adapted  to  their  environments.  Such  adapta- 
tions must  have  been  made  slowly.  In  the  face  of  rapid  climatic 
change  most  plants  must  either  migrate  or  perish.  Temperature  and 
moisture  conditions  limit  many  species  sharply,  and  it  is  reasonable 
to  believe  that  this  has  always  been  the  case.  The  presence  in  com- 
paratively young  silts  in  Europe  of  fossils  of  certain  mosses  now  living 
only  in  subpolar  regions  and  of  such  northern  species  as  white  spruce, 
larch,  and  white  cedar  in  some  of  the  younger  deposits  of  southern 
Louisiana  is  valid  evidence  that  colder  climates  were  experienced  in 
those  places  not  long  ago. 

From  the  strictly  inorganic  standpoint  the  paleoclimatologist  must 
recognize  such  facts  as  the  restriction  to  beach  or  desert  environments 
of  peculiar  rocks,  called  ventifacts,  which  have   been    polished    by 

>  Italic  numbers  in  parent  hoses  refer  to  Literature  Cited,  p.  95. 
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sandblast.  If  found  widespread  in  the  rocks  of  a  certain  formation, 
ventifacts  constitute  good  evidence  of  aridity  in  the  past.  Glaciers 
scratch  and  polish  rocks  in  a  characteristic  manner  and  also  have  the 
unique  distinction  of  transporting  material  of  any  size.  Their 
deposits — moraines — ordinarily  consist  of  jumbled  masses  of  rock 
particles  which  may  range  in  size  from  fine  clay  to  large  boulders,  a 
fact  which  makes  ancient  moraines  easily  recognizable.  By  analogy 
with  the  drying  enclosed  lake  basins  of  Utah,  Nevada,  and  parts  of 
South  America,  Africa,  and  Asia,  the  geologist  recognizes  salt  deposits 
in  beds  of  earlier  ages  as  indicative  of  arid  climates.  Heavily  oxi- 
dized soil  remnants  from  warm,  humid  regions,  certain  types  of  peat 
from  cold-temperate  or  subpolar  regions,  coral  reefs  from  warm,  clear 
seas,  and  many  other  lines  of  evidence  are  regarded  as  reliable  guides 
to  the  climates  of  the  past. 

The  evidence  of  the  geologist  or  paleontologist  must  always  be 
weighed  against  the  background  of  meteorological  probability. 
A  rotating  earth  with  its  axis  inclined  about  23.5°  toward  the  plane 
of  the  ecliptic,  heated  most  effectively  in  its  equatorial  region,  with 
an  atmosphere  such  as  ours,  has  the  major  features  of  its  atmospheric 
circulation  pretty  well  stamped  out  for  it.  The  equivalent  of  our 
easterly  trade  winds,  comparatively  stagnant  polar  caps,  and  zones  of 
cyclonic  disturbance  are  bound  to  be  set  up  as  the  result  of  differences 
in  temperature,  or  more  accurately  temperature  gradients  (a  tem- 
perature gradient  is  the  rate  of  change  in  temperature  between  one 
point  and  another),  and  rotation.  Climates  must  be  cooler  toward 
the  Poles.  The  interiors  of  continents  will  naturally  exhibit  greater 
seasonal  ranges  in  temperature  than  coastal  locations.  Since  the 
amount  of  atmosphere  appears  to  have  been  quite  constant  during 
geologic  time,  higher  pressures  in  one  region  must  have  been  balanced 
by  lower  pressures  elsewhere,  since  the  sum  total  of  all  pressures  is 
a  constant — the  weight  of  the  atmosphere.  If  continents  were  larger 
during  some  periods  of  earth  history  than  during  others  and  their 
central  parts  during  those  times  therefore  suffered  greater  seasonal 
temperature  contrasts,  barometric  gradients  (a  barometric  gradient 
is  the  rate  of  change  in  atmospheric  pressure  between  one  point  and 
another)  must  have  steepened  appreciably,  so  that  average  wind 
velocity  also  increased  and  storminess  became  a  more  general  con- 
dition. Considerations  such  as  these  are  as  necessary  in  paleoclima- 
tology  as  are  observations  concerning  plant  and  animal  life. 

The  Changing  Surface  of  the  Earth  in  Relation 
to  the  Climatic  Pattern 

The  ancient  Greeks  developed  a  simple  climatology  based  on 
geographic  areas,  a  portion  of  which  we  inherit  and  commonly  use  in 
dividing  the  earth  into  Tropical,  Temperate,  and  Frigid  Zones. 
Modern  areal  climatology  adds  many  refinements  to  this  old  latitudi- 
nal system.  Temperature  belts  are  now  bounded  by  isotherms — 
lines  of  equal  temperature.  Many  precipitation  characteristics  are 
recognized,  such  as  total  amount,  rate  of  fall,  kind  (rain,  snow,  hail), 
season  of  fall,  etc.  Other  climatic  elements,  such  as  fog,  overcast 
skies,  and  various  types  of  storms,  assist  the  modern  elimatologist  to 
recognize  climatic  types.     Koppen,  Herbert  son.  Thornthwaite,  and 
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others  have  made  maps  showing  the  areal  distribution  of  climates 
differentiated  upon  such  criteria. 

All  systems  of  modern  areal  climatology  arrive  at  very  similar 
conclusions.  Warmer  climates  lie  toward  the  Equator;  raininess  is 
concentrated  along  the  Equator,  windward  coasts,  and  mountain 
flanks;  continental  interiors  are  dry  in  higher  latitudes,  etc.  Such 
broad  generalizations  naturally  result  in  a  similarity  between  the 
general  pattern  of  one  map  and  that  of  another.  There  is  a  general 
symmetry  with  respect  to  the  Equator,  less  symmetry  between  op- 
posite sides  of  a  continent.  The  land  masses  of  the  Old  World  have 
climates  closely  resembling  those  of  the  New.  Discrepancies  are 
caused  by  topography  and  extent  of  land.  They  result  in  contrasts 
in  shape  and  extent  rather  than  in  relative  position. 

The  great  arid  belt  of  the  northern  lands  of  the  Old  World  extends 
from  the  west  coast  of  Africa  to  the  Desert  of  Gobi,  in  Mongolia. 
The  equivalent  dry  region  in  North  America  extends  from  the  coast 
of  Lower  California  to  the  lowlands  of  Montana.  The  west  coast 
north  of  each  of  these  dry  belts  is  characterized  by  a  climate  of  wet 
winters  and  dry  summers.  The  widespread  development  of  this 
"Mediterranean  climate"  in  the  Old  World  in  comparison  with  its 
restriction  to  only  a  part  of  California  in  Xorth  America  results  from 
the  differing  trends  of  mountain  systems,  parallel  to  the  coast  in  the 
New  World  and  at  right  angles  to  it  in  the  Old. 

It  is  not  the  purpose  here  to  develop  the  distribution  of  modern 
climates  but  only  to  emphasize  the  idea  of  a  climatic  pattern,  well 
exemplified  in  the  distribution  of  types  as  classified  by  Thornthwaite 
or  other  modern  climatologists.  This  pattern  varies  from  continent 
to  continent  in  accordance  with  such  facts  of  physical  geography  as 
the  size  and  extent  of  land  masses;  the  number,  trends,  and  heights  of 
mountain  ranges  and  plateaus;  and  trends  of  coast  lines.  There  is 
not  land  enough  in  appropriate  latitudes  in  the  Southern  Hemisphere 
for  the  development  of  extensive  areas  of  cool-temperate  climate  of  the 
northwestern  European  type;  but  if  there  were,  it  would  be  found 
along  west  coasts  on  the  poleward  side  of  places  receiving  their  maxi- 
mum precipitation  in  winter. 

It  is  reasonable  to  suppose  that  ancient  climates  followed  substan- 
tially today's  patterns.  The  geologic  record  confirms  this  belief, 
but  it  also  indicates  many  wide  departures  from  today's  proportional 
distribution  of  types.  The  present  is  a  good  key  to  the  past  with 
regard  to  the  establishment  of  climatic  patterns,  but  it  gives  a  dis- 
torted notion  as  to  the  relative  extent  of  each  climatic  type  during 
the  greater  part  of  geologic  time. 

The  late  Cenozoic  era,  including  the  Recent  epoch,  is  in  many  respects 
geologically  abnormal.  There  are  more  and  higher  mountains  now 
than  have  existed  during  most  of  the  earth's  history.  Continents  are 
larger.  There  are  more  volcanoes  and  earthquakes.  We  are  living 
in  the  midst  of  what  geologists  call  a  revolution,  a  time  of  acute 
crustal  urn 

Revolutions  are  by  no  means  new  in  earth  history.  There  have  been 
at  least  four  great  revolutions  during  geologic  time  and  several  other 
fairly  important  times  of  crustal  unrest.  These  periods  are  indicated 
in  figure  1,  on  page  70.  The  duration  has  in  each  case  been 
short  in  comparison  with  the  long  periods  of  quiet  between  revolu- 
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tions.  Most  of  geologic  time  has  been  marked  by  stability  of  the 
crust.  Seas  have  been  more  extensive  than  they  are  today.  The 
continents,  smaller  in  size,  have  had  few  mountains  or  extensive 
plateaus.  Streams  have  carried  less  sediment.  Only  at  a  few  places 
in  the  geologic  column  are  records  found  of  intense  folding  of  the 
crust,  faulting,  volcanic  activity  over  extensive  areas,  and  other  signs 
of  igneous  activity.  During  such  times  there  were  extensive  deserts, 
glaciation.  and  rapidly  flowing  streams  capable  of  laying  down 
coarse  deposits  of  gravel  and  sand. 

Generally  speaking,  the  geologist  has  attempted  to  mark  the  ends 
of  eras  by  the  appearance  of  major  revolutions  and  the  ends  of  periods 
by  minor,  yet  significant,  signs  of  crustal  unrest. 

Geologic  Climates 

There  are  two  broad  types  of  climatic  pattern  indicated  by  the 
geologic  record,  the  normal  and  the  glacial. 

The  characteristic  of  glacial  climates  is  the  existence  of  frozen  seas 
during  the  summer  in  polar  regions.  Such  is  the  case  today.  The 
absence  of  polar  ice  is  the  characteristc  of  normal  times  from  the 
geologic  standpoint.  The  difference  between  glacial  and  normal 
climates  is  sharply  defined,  and  transitions  from  one  to  the  other 
occupied  inconsequential  intervals  of  time.  It  is  probable  that  less 
than  1  percent  of  geologic  time — about  3  days  out  of  the  year  on  our 
previous  scale — has  experienced  glacial  climatic  patterns. 

Normal  geologic  periods  were  times  of  quiet  between  revolutions 
during  which  normal  climates  prevailed.  Rocks  deposited  at  such 
times  indicate  a  minimum  of  relief — unevenness  in  height — and  few 
signs  of  crustal  unrest.  The  paleontologic  record  is  one  of  widespread 
ranges  in  both  plant  and  animal  distribution.  The  early  Cenozoic 
was  such  a  time.  Plants  closely  allied  to  some  of  our  warm-climate 
types  were  flourishing  in  places  such  as  Greenland,  Spitzbergen.  and 
other  lands  in  high  latitudes  where  theii  growth  is  impossible  today. 
Even  more  strikingly  uniform  were  the  temperatures  in  all  latitudes 
during  most  of  the  Paleozoic  and  Mesozoic  eras. 

For  a  planet  to  have  an  experience  characterized  by  alternations 
between  normal  and  glacial  climatic  patterns  its  surface  must  be 
covered  by  extensive  oceans  and  the  temperature  of  its  polar  regions 
must  remain  not  far  from  the  freezing  temperature  of  water.  Only 
the  earth  among  the  planets  falls  within  the  slight  range  in  these 
essential  requirements.  The  sharp  contrast  between  glacial  and  nor- 
mal climates  is  a  reflection  of  the  sharp  discontinuity  between  liquid 
water  and  solid  ice.  Water  is  penetrated  for  a  considerable  distance 
by  solar  radiation  and  thus  slowly  becomes  warmer.  Ocean  currents 
and  convection  spread  temperature  effects  widely.  The  marine  in- 
fluences in  climate  are  well  known,  the  most  significant  effect  being 
the  tendency  toward  uniformity  of  temperature.  Ice  is  fixed  in 
position  and  in  many  ways  resembles  land  surface  from  the  climatic 
standpoint.  The  effect  of  an  open  arctic  ocean  is  that  of  adding  area 
to  marine  climatic  influences,  but  a  polar  ice  cap  has  a  different 
climatic  effect  similar  to  an  addition  of  continental  area,  which  makes 
for  comparatively  rapid  and  violent  changes  in  temperature.  The 
balance  is  so  delicate   in   terrestrial  climatic  patterns  that   a  swing 
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from  one  condition  to  the  other— a  polar  ice  cap  or  no  polar  ice  cap- 
means  the  change  from  normal  to  glacial  climates  for  the  whole 
of  the  earth's  surface.  m  .  '  .      • 

Brooks  U)  has  shown  that  a  surprisingly  small  variation  in  tempera- 
ture causes  a  change  from  open  to  ice-capped  polar  seas.  As  long  as 
winter  temperatures  remain  above  28°  F.,  the  approximate  freezing 
point  of  ocean  water,  the  polar  seas  remain  open.  At  slightly  lower 
temperatures,  the  ice  frozen  during  the  winter  melts  again  in  the 
following  summer,  and  the  seas  remain  effectively  open.  But  if  the 
winter  temperature  falls  about  5°  F.  lower  than  the  freezing  point  of 
ocean  water,  an  ice  cap  will  form.  Its  growth  will  be  slow  at  first, 
but  summer  melting  will  not  quite  offset  the  effect  of  winter  freezing. 
After  its  radius  has  reached  about  600  miles,  the  growth  of  the  ice 
cap  becomes  rapid  because  the  ice  itself  has  a  cooling  effect  on  sur- 
rounding areas  and  the  rate  of  summer  melting  is  thus  reduced. 
Growth  continues  until  the  ice  extends  so  far  from  the  polar  areas 
that  its  margins  encounter  temperatures  sufficiently  high  to  stop 
further  extension.  Glacial  climates  have  their  optimum  development 
at  such  times.  Rising  temperatures  cause  retreat  of  the  ice  and  the 
modification  of  climatic  patterns.  The  cooling  effect  of  the  ice  cap  is 
so  great  that  retreat  is  slow  until  the  ice  has  diminished  in  area  to  its 
critical  point — a  radius  of  about  600  miles — after  which  the  ice  dis- 
appears very  rapidly.  For  a  complete  explanation  of  the  theory 
behind  these  conclusions  the  reader  is  again  referred  to  Brooks  (4), 
Climate  Through  the  Ages. 

Polar  ice  now  lowers  the  temperatures  in  Canada  and  the  United 
States  many  degrees.  It  profoundly  affects  ocean  temperatures, 
especially  at  great  depths.  There  is  a  sort  of  vicious  circle  in  ice-cap 
and  temperature  relationships.  Brooks  (4)  calculates  that  lowering 
of  polar  temperatures  5°  F.  under  the  freezing  point  ultimately  results 
in  a  drop  of  50°  F.  in  polar  winter  temperatures.  The  initial  drop 
causes  the  growth  of  the  polar  ice  cap;  the  cooling  effect  of  the  ice 
itself  is  responsible  for  the  remainder  of  the  drop.  A  rise  of  2°  F.  in 
the  temperature  of  the  earth  now  would  be  sufficient  to  clear  polar 
seas  of  all  ice.  We  are  thus  in  a  world  where  the  balance  is  extremely 
delicate  between  normal  and  glacial  climates. 

During  most  of  geologic  time  mountains  were  low,  seas  wide- 
spread, and  normal  climates  prevalent.  Extremely  low  winter  tem- 
peratures were  unknown,  even  in  the  central  parts  of  continents  in 
high  latitudes.  Distinctions  between  tropical  and  polar  regions 
were  less  evident  than  at  present,  the  cooling  toward  higher  latitudes 
being  gradual  over  both  oceans  and  continents.  Climatic  zones 
of  animal  and  plant  life  existed,  but  the  contrasts  between  zones  were 
not  great.  Polar  air  covered  the  highest  latitudes,  but  its  outrushes 
toward  the  Equator  were  less  sharp  than  those  today,  and  the  tem- 
peratures carried  by  its  winds  were  by  no  means  so  low  because  the 
polar  air  mass  was  much  more  restricted  in  extent  and  developed  over 
regions  neither  ice-covered  nor  near  any  polar  ice  cap.  All  tempera- 
ture boundaries  were-  shifted  poleward,  so  that  subpolar  lands  ex- 
perienced conditions  about  like  those  of  today's  Temperate  Zones  and 
middle  latitudes  were  subtropical.  At  the  same  time,  the  Tropics 
themselves  were  probably  only  slightly  warmer  than  at  present. 


Climatic  Change  Through  the  Ages     •     77 

Gentle  meridional  (north-and-south)  temperature  gradients  during 
normal  geologic  times  were  accompanied  by  less  intensified  pressure 
belts.  The  physical  contrast  between  air  masses  to  the  north  and 
those  to  the  south  produced  a  belt  of  cyclonic  disturbance  and  lower 
pressures  at  about  60°  of  latitude.  This  zone  of  storminess  was 
located  some  distance  poleward  from  its  present  position,  and  the 
intensities  in  cyclonic  disturbance  were  far  less  than  are  now  ex- 
perienced. Middle  latitudes  had  rather  monotonous  weather,  with 
few  invasions  of  sharp  fronts  between  air  masses  causing  abrupt 
weather  changes.  Farther  toward  the  Equator  conditions  varied 
little  from  those  today.  Poleward  temperature  gradients  and  rota- 
tion set  up  systems  of  high  pressures  just  outside  the  Tropics,  trade 
winds,  and  a  doldrum  belt  of  calms,  but  all  these  had  somewhat  less 
intensity  than  the  same  phenomena  have  now. 

Precipitation  was  less  during  normal  times.  Fewer  and  lower 
mountains  meant  the  absence  of  much  precipitation  caused  by  the 
ascent  of  air  upslope.  Less  sharply  defined  fronts  between  air  masses 
meant  less  precipitation  of  cyclonic  origin.  Higher  temperatures  and 
extended  ocean  surfaces  undoubtedly  resulted  in  atmospheric  hu- 
midity in  excess  of  that  of  today,  but  the  absence  or  toning  down  of 
immediate  causes  of  precipitation  left  lands  drier  on  an  average  than 
they  are  today. 

The  question  of  desert  climates  during  normal  times  is  still  unset- 
tled. It  seems  probable  that  rather  mild  deserts  existed  in  continental 
interiors  and  that  intense  aridity  was  restricted  to  times  of  revolution. 
Smaller  continents,  subdued  relief,  and  a  humid  atmosphere  were  not 
favorable  factors  for  the  development  of  deserts  as  they  exist  today. 

In  reconstructing  the  areal  climatology  of  normal  geologic  periods 
today's  climatic  pattern  may  be  used  as  a  guide,  but  it  must  be  modi- 
fied to  harmonize  with  the  physical  geography  concerned. 

The  land  areas  on  somewhat  more  than  half  of  the  earth  had  a 
climate  much  like  that  of  tropical  lowlands  today.  Had  higher  plants 
existed,  the  landscape  would  have  been  broad  savanna  grassland 
rather  than  tropical  rain  forest,  because  of  prevailingly  low  relief. 
Zones  toward  the  Poles  were  feebly  expressed  in  landscapes  until  some 
such  latitude  as  60°  was  reached,  where  the  climate  resembled  that 
of  the  savannas  of  northern  Texas  today.  Still  farther  poleward  the 
zones  became  more  pronounced,  but  even  around  the  open  waters  of 
the  Arctic  Ocean  winters  were  not  particularly  cold.  Rainfall  di- 
minished gradually  from  Equator  to  Pole  and  somewhat  more  sharply 
toward  continental  interiors  in  high  latitudes. 

Occasional  storms  reached  the  Tropics,  but  the  main  belt  of  storm- 
iness was  centered  well  toward  the  Poles,  and  all  latitudes  experienced 
less  frequent  and  less  severe  weather  changes  than  today.  Snow  oc- 
curred only  in  higher  latitudes,  and  bodies  of  glacial  ice  were  extremely 
rare. 

The  oceans  of  normal  times  were  much  warmer  than  those  of  today. 
In  the  absence  of  polar  ice.  from  which  cold  water,  heavy  because  of  its 
temperature,  now  creeps  to  abysmal  depths  and  accumulates,  it  is 
probable  that  bottom  temperatures  were  considerably  higher. 

The  distribution  of  both  plant  and  animal  fossils  bears  out  these 
generalizations.  Many  authors  have  concluded  that  temperature 
zones  of  plants   and   animals   became   effective  only   as   recently   as 
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Pliocene  times,  but  this  is  an  exaggeration  (3).  Zonation  has  always 
existed  in  a  mild  form  during  normal  times  and  has  always  become 
more  pronounced  at  times  of  revolution  and  glacial  climatic  patterns. 

Today's  climatic  pattern  may  be  regarded  as  typical  of  times  of 
revolution.  Its  distinctive  features  are  glaciation,  sharp  division  into 
zones  according  to  latitude,  and  the  development  of  deserts. 

It  is  possible  that  geologists  exaggerate  the  extent  of  desert  climate 
in  past  periods.  Many  cautions  must  be  observed  in  interpreting  the 
evidence.  Extensive  deposits  of  salts  occur  in  various  parts  of  the 
geologic  column  and  may  be  considered  as  rather  good  indicators  of 
aridity.  The  meaning  of  coarse  fragments — detrital  materials — is 
less  certain.  It  is  true  today  that  enclosed  arid  basins  accumulate 
sand,  gravel,  and  coarse  detritus  in  great  quantities,  but  it  must  be 
pointed  out  that  erosional  conditions  were  quite  different  prior  to 
the  establishment  of  today's  vegetational  types,  in  the  late  Mesozoic. 
Rocks  unprotected  by  modern  vegetation  and  soil,  even  in  humid 
climates,  would  have  eroded  in  much  the  same  way  as  they  do  in 
desert  basins  today.  Many  geologists  attach  great  importance  to 
red  beds — red  sands  and  shales — as  indicators  of  aridity,  but  this  idea 
rests  upon  very  uncertain  interpretations.  The  oxidized  iron  content 
of  such  deposits  suggests  a  surface  condition  more  closely  allied  to 
tropical  savanna  than  to  desert  in  today's  landscapes.  The  amphibia, 
reptiles,  and  plants  contained  in  lignite  in  the  red  beds  of  west  Texas 
suggest  life  in  at  least  a  fairly  well  watered  country. 

There  is  a  theory  popular  among  geologists  that  aridity  caused  many 
eventful  adaptations  in  life,  but  little  proof  supports  it.  The  first 
land  dwellers  appear  in  the  middle  of  the  Paleozoic  and  include  scor- 
pions, amphibia,  and  several  other  animal  types.  Many  geologists 
believe  that  such  animals  were  forced  out  of  pools  in  arid  regions.  It 
is  more  reasonable  to  suppose  that  the  change  took  place  in  an  environ- 
ment of  seasonal  flooding  and  drying,  such  as  now  exists  along  the 
sides  of  many  streams  in  humid  climates  (24).  The  first  land  plants 
appeared  at  about  the  same  time.  They  may  have  been  scattered 
about  by  the  animals  or  may  have  emerged  as  the  result  of  seasonal 
recession  of  water  levels  and  stranding.  To  suppose  that  the  animals 
appeared  because  plants  had  paved  the  way  implies  that  such  creatures 
as  the  fringed  ganoid  3  had  information  concerning  the  availability  of 
food  on  adjacent  land,  which  is  not  reasonable.  As  a  matter  of  fact, 
all  of  the  earliest  animals  on  land  were  carnivorous  and  returned  to 
water  for  feeding  and  egg  laying.  The  close  dependence  upon  nearby 
waters  was  something  that  animals  gave  up  slowly.  It  is  quite 
eertain  that  the  earliest,  land  animal  lived  during  Silurian  times, but 
it  seems  likely  that  the  first  definitely  land  plant  occurred  in  the 
following  period,  the  Devonian  (26). 

The  Ice  Ages 

According  to  the  old  idea  that  the  earth's  crust  gradually  formed 
on  a  molten  mass,  it  was  reasonable  to  suppose  that  the  Pleistocene 
ice  age  was  evidence  of  a  refrigeration  the  progress  of  which  would 
bring  fatal  temperatures  to  all  life  in  the  not  too  distant  future. 

^The  fringed  ganoid  was  a  primitive  fish,  closely  related  to  the  garfish  of  the  southern  United  States, 
wtiic-n  developed  its  fins  into  four  logs  and  is  believed  to  be  ancestral  to  all  amphibia,  reptiles,  and  mammals. 
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Polar  ice  caps  appeared  to  be  evil  omens  of  conditions  destined  to 
become  more  and  more  widespread,  eventually  taking  over  the  whole 
of  the  earth.  The  discovery  of  evidences  of  glaciation  in  rocks  much 
older  than  the  Quaternary,  even  in  some  formed  well  toward  the  start 
of  geologic  time,  might  well  have  come  as  agreeable,  even  joyful, 
news  to  a  public  deeply  concerned  over  such  possibilities  as  the 
freezing  out  of  the  human  race.  Even  more  comforting  might  have 
been  the  discovery  that  at  least  four  major  glaciations  have  occurred, 
at  intervals  of  about  250  million  years,  plus  several  minor  glaciations, 
each  cold  spell  being  comparatively  short  and  representing  only  a 
slight  interruption  in  the  long-continued  geniality  of  normal  climatic 
conditions. 

There  is  a  distinct  relationship  between  crustal  unrest  and  glacia- 
tion. Associated  with  rocks  containing  evidences  of  continental  ice 
are  records  of  folding,  faulting,  and  volcanic  activity,  all  of  which 
are  rarities  during  normal  times.  Normal  times  have  had  little  to 
do  with  shaping  the  destinies  of  physical  or  biologic  history.  Both 
plant  and  animal  life  suffered  abrupt  and  extensive  change  during 
each  revolution. 

The  greatest  break  in  the  continuity  of  biologic  and  physical  history 
occurred  at  the  close  of  the  Paleozoic  and  is  called  the  Hercynian 
revolution  by  geologists.  A  great  range  of  mountains  was  formed  in 
western  Europe  whose  roots  may  now  be  observed  in  Wales  and  in  a 
broad  belt  extending  across  northern  France,  Germany,  and  Bohemia 
and  far  into  central  Asia.  A  slightly  later  phase  of  unrest  in  North 
America,  called  the  Appalachian  revolution,  affected  all  parts  of  the 
continent. 

Somewhat  less  intense  was  a  mid-Paleozoic  revolution,  the  Cale- 
donian, which  resulted  in  a  mountain  range  extending  northwestward 
from  Europe  to  Greenland.  Its  North  American  phase,  the  Acadian 
revolution,  formed  mountains  in  New  England  and  westward. 

The  end  of  the  Mesozoic  witnessed  the  Cordilleran  revolution — the 
Andean  of  South  America — which  resulted  in  mountains  along  nearly 
all  borders  of  the  Pacific  Ocean. 

The  world  today  is  witnessing  a  revolution  probably  as  intensive  as 
any  of  those  of  the  past.  The  highest  ranges  on  earth  are  its  topo- 
graphic results.  In  Europe  it  is  called  the  Alpine  revolution,  but  the 
greater  significance  of  the  Himalaya  Ranges  has  caused  many  geolo- 
gists to  adopt  the  name  Himalayan  revolution.  Continental  relief 
is  probably  as  great  now  as  at  the  time  of  any  earlier  revolution,  and 
continental  areas  are  probably  at  maximum  extent. 

Volcanic  activity  has  always  accompanied  revolutions.  During 
the  Caledonian  revolution  much  igneous  rock  found  its  way  to  the 
surface  in  the  northeastern  part  of  the  United  States  and  eastern 
Canada.  The  mountain  from  which  Montreal  takes  its  name  was 
one  of  a  chain  of  volcanoes  which  extended  across  southern  Quebec. 
Other  volcanoes  were  active  in  Arkansas,  Oklahoma,  and  elsewhere. 
The  Hercynian  revolution  has  been  considered  the  greatest  of  all 
volcanic  periods  (#).  The  Cordilleran  revolution  brought  volcanic 
activity  to  many  parts  of  the  earth.  The  most  widespread  of  all 
existing  lava  masses,  the  Dekkan  traps  of  lower  India,  which  origi- 
nally covered  an  area  of  500,000  square  miles,  date  from  that  time. 
In  places  they  have  a  thickness  of  6,000  feet.     Today,  during  the 


80     •      Yearbook  oj  Agriculture,  1941 

Himalayan  revolution,  there  are  at  least  325  active  volcanoes  on  earth 
and  many  others  which  were  active  not  long  ago. 

The  relationships  between  revolutions  and  glacial  climatic  patterns 
are  among  the  more  obvious  lessons  of  the  earth's  history.  Though 
the  earliest  records  are  dim,  it  is  certain  that  the  first  glaciation 
occurred  millions  of  years  before  the  appearance  of  life  on  earth. 
The  revolution  which  closed  the  Archean  era  was  accompanied  by 
glaciation  in  southern  Australia  and  in  the  vicinity  of  the  Great 
Lakes  of  North  America.  A  somewhat  more  recent,  late-Algonkian, 
glaciation  is  recorded  in  the  rocks  of  Greenland,  Norway,  Scotland, 
central  and  south  Africa,  India,  China,  and  Australia. 

The  greatest  of  all  glaciations  occurred  toward  the  end  of  the 
Paleozoic,  during  the  Hercynian  revolution.  The  records  are  very 
clear.  Most  amazing  is  the  fact  that  widespread  glacial  deposits 
occur  in  tropical  India.  Boulders  up  to  15  feet  in  diameter  are  em- 
bedded in  a  matrix  of  poorly  assorted  rocks,  angular  and  scratched 
from  having  been  ground  during  glacial  transportation.  At  places 
they  rest  on  a  polished  rock  floor  as  fresh  and  unaltered  as  if  it  were 
of  Quaternary  age.  Similar  evidences  of  glaciation  occur  in  Cape 
Colony,  Transvaal,  Southwest  Africa,  Tongoland,  Madagascar, 
Tasmania,  all  parts  of  Australia  including  Queensland,  Brazil,  Argen- 
tina, Uruguay,  Bolivia,  England,  France,  Germany,  the  Ural  Moun- 
tains, Afghanistan,  Alaska,  and  in  Massachusetts  near  Boston. 

The  appearance  of  so  many  evidences  of  late  Paleozoic  glaciation 
in  tropical  regions  and  in  the  Southern  Hemisphere  has  aroused  lively 
controversy  regarding  the  climatic  conditions  of  the  time.  An 
elaborate  thesis  of  continental  drift  has  been  advanced  by  Koppen  and 
Wegener  (18),  who  visualize  the  glaciation  as  having  actually  taken 
place  in  high  latitudes  of  a  southern  continent  which  later  split  into 
several  fragments  and  drifted  toward  the  Equator,  carrying  the 
glacial  deposits  with  them.  This  theory  is  attractive  and  has  many 
followers,  but  it  has  been  challenged  sharply  on  the  basis  of  conflict- 
ing geologic  evidence  and  the  failure  of  its  authors  to  suggest  a 
mechanism  capable  of  causing  the  drift  (4).  It  was  advanced  in  a 
somewhat  legalistic  manner,  with  great  emphasis  on  such  points  as 
seemed  to  fit  the  theory  and  a  bland  indifference  to  evidence  against  it. 
It  is  probable  that  Joly  (16)  has  suggested  a  better  mechanism  for 
continental  drift,  but  most  geologists,  especially  in  the  United  States, 
regard  the  theory  as  being  far  from  demonstrated. 

Brooks  (If)  finds  it  unnecessary  to  adopt  the  idea  of  continental 
drift  to  explain  late  Paleozoic  glaciation  in  tropical  regions.  He  has 
reconstructed  a  paleogeography  in  which  continental  outlines  and 
relief  features  would  permit  such  glaciation  without  violating  accepted 
principles  of  climatology.  The  whole  question,  however,  is  by  no 
means  settled  and  promises  to  be  an  active  rallying  point  for  geologic 
controversy  for  many  years. 

The  ice  age  best  known  to  us  occurred  during  the  Quaternary  and 
has  been  accompanied  by  the  glacial  climatic  patterns  we  are  now 
experiencing.  Various  waves  of  ice  advance  were  interrupted  by 
interglacial  stages  of  retreat,  some  of  which  may  have  been  warmer 
and  more  prolonged  than  the  one  in  which  we  are  now  living.  Dur- 
ing maximum  advance  the  ice  covered  some  7  million  square  miles  in 
the  Northern   Hemisphere   and   5  million  in  the  Southern.     Enough 
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water  had  been  evaporated  out  of  the  oceans  and  locked  up  as  ice  on 
continents  to  lower  general  sea  levels  about  300  feet  (/).  That  we 
have  not  fully  emerged  from  an  ice  age  is  evident  from  the  fact  that 
complete  melting  of  the  Greenland  and  Antarctic  ice  caps  would 
result  in  raising  sea  level  another  100  to  160  feet. 

Between  the  great  ice-age  revolutions  which  closed  the  Archean. 
Algonkian,  Paleozoic,  and  Quaternary  eras  there  have  been  some 
lesser  times  of  crustal  unrest,  volcanic  activity,  and  glaciation.  The 
most  pronounced  of  these  occurred  during  the  mid-Paleozoic  (Cale- 
donian-Acadian revolution)  and  at  the  end  of  the  Mesozoic  (Cordil- 
leran  revolution).  Still  other  evidences  of  glaciation  are  known  from 
the  geologic  record,  but  they  were  not  widespread  and  are  unimportant 
in  any  general  survey  of  paleoclimatology. 

CLIMATIC  CHANGES  SINCE  THE  LAST 
GLACIATION 

The  Recent  and  Pleistocene  epochs,  which  together  constitute  the 
Quaternary  period,  are  abnormal  from  the  standpoint  of  paleo- 
climatology. being  a  time  of  revolution  and  glaciation.  The  entire 
history  of  the  genus  Homo,  of  which  living  man  is  today's  representa- 
tive, has  been  confined  to  this  period.  No  true  man  has  known  from 
personal  experience  the  normal  geologic  climatic  pattern.  He  has 
always  been  extremely  conscious  of  weather  changes,  for  he  has 
always  had  to  cope  with  conditions  resulting  from  alternate  swings  of 
the  delicate  balance,  first  toward  advance  and  later  toward  retreat  of 
ice. 

The  Pleistocene  ice  age  was  a  compound  affair  during  which  there 
were  four  or  five  main  stages  of  ice  advance  separated  by  important 
stages  of  retreat  and  numerous  lesser  swings.  Each  time  of  ice 
advance  is  called  a  glacial  stage,  and  each  time  of  retreat  is  called  an 
interglacial  stage.  It  is  an  open  question  whether  we  are  now 
experiencing  an  interglacial  stage  or  the  actual  ending  of  the  whole 
ice  age.  The  weight  of  evidence  suggests  the  former,  but  there  is  no 
actual  proof.  It  is  certain  that  some  of  the  interglacial  stages  of  the 
past  have  come  closer  to  normal  geological  climates  than  that  of 
today,  and  it  is  also  certain  that  some  of  them  had  greater  duration 
than  the  Recent  epoch.  Even  during  the  Recent  there  has  not  been 
a  constant  retreat  in  ice  fronts.  Some  have  made  minor  advances 
within  historic  time. 

During  maximum  ice  advance  practically  all  of  North  America  was 
covered  north  of  a  line  extending  from  near  Xew  York  City  westward 
along  the  Ohio  and  Missouri  Rivers,  swinging  northward  nearly  to 
the  Canadian  border  in  Montana  and  Idaho,  and  reaching  the  Pacific 
near  Puget  Sound.  Isolated  ice  caps  covered  parts  of  the  Rockies, 
the  Sierra  Nevada,  and  other  high  ranges. 

The  contrasts  between  landscapes  formerly  covered  with  ice  and 
those  which  escaped  are  striking.  The  great  majority  of  all  natural 
and  ponds  occur  in  regions  that  had  glaciers  in  the  past  (de- 
glaciated  regions).  Irregular  hills  of  gravel,  boulders,  and  poorly 
sorted  debris  cover  large  parts  of  the  lowlands.  Ice  overdeepened 
valleys  in  mountains,  polished  rock  surfaces,  scoured  lake  basins,  and 
caused  many  of  our  most  spectacular  waterfalls.     The  recognition  of 
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the  existence  of  the  Pleistocene  ice  age.  the  approximate  extent  of 
land  covered  with  ice,  and  the  fact  of  its  recency  are  all  based  upon 
observations   such   as   any   intelligent   layman   can   make   and    fully 

understand.  .  .  . 

The  reconstruction  of  climates  during  times  of  maximum  ice  advance 
is  more  difficult  and  requires  an  intimate  knowledge  of  several  fields 
of  science.  The  detailed  story  of  climatic  changes  during  the  several 
advances  and  retreats  of  glaciers  is  so  complex  that  it  still  baffles 
experts.  It  is  not  known  whether  the  advance  of  ice  was  simultaneous 
in  both  hemispheres,  or  even  whether  the  same  number  of  advances 
occurred  at  similar  times  in  the  western  and  eastern  parts  of  the 
United  States,  though  it  seems  probable  that  such  was  the  case. 

Many  of  the  major  details  of  Pleistocene  history  appear  more 
clearly  in  the  records  of  regions  not  at  any  time  covered  by  ice  than 
in  those  of  the  deglaciated  regions  themselves.  The  climatic  upset 
accompanying  maximum  ice  advance  was  sufficient  to  be  felt  in  all 
parts  of  the  world.  Even  the  Tropics,  which  throughout  geologic 
time  have  shared  only  to  a  minor  degree  in  climatic  changes,,  furnish 
valuable  clues  concerning  Pleistocene  conditions. 

From  the  Tropics,  in  fact,  came  one  of  the  most  significant  facts 
concerning  glacial  history. 

Among  the  East  and  West  Indies  and  in  the  tropical  Pacific,  the 
Indian,  and  the  tropical  Atlantic  Oceans  are  curious  islands  called 
atolls,  consisting  of  corals  and  other  marine  organisms  and  having 
the  shape  of  rings  broken  at  one  or  more  points  along  the  leeward 
coast.  Many  atolls  occur  in  places  where  surrounding  oceans  are 
deep.,  showing  that  they  are  perched  upon  islands  of  quite  another 
origin,  because  corals  live  only  in  shallow  water  and  could  not  have 
established  themselves  on  the  ocean  floor.  Similar  reefs  form  rings 
around  existing  islands.  It  is  generally  believed  that  atolls  were 
originally  fringing  reefs  and  that  either  the  subsidence  of  islands  or 
a  rise  in  sea  level  accounts  for  their  present  condition.  Against  the 
first  of  these  suggestions  is  the  fact  of  widespread  distribution.  It 
seems  improbable  that  islands  in  all  parts  of  tropical  oceans  would 
sink  together.  More  probably  the  seas  have  risen.  From  this  con- 
sideration came  the  recognition  of  the  fact  that  each  major  glacial 
advance  caused  a  lowering  of  general  sea  levels  and  each  major  glacial 
retreat  caused  a  subsequent  rise  (1,6). 

From  the  desert  came  additional  information  concerning  Pleistocene 
glacial  history. 

In  the  great  arid  region  between  the  Wasatch  Range  of  Utah  and 
the  Sierra  Xevada  of  California  are  many  enclosed  basins  between  a 
complex  of  impressive  mountain  ranges.  Lakes  exist  in  some  of 
these  basins  today — among  them  Great  Salt  Lake.  Winnemucca. 
Pyramid,  Walker,  Tahoe.  and  others.  Most  of  these  lakes  are  low 
today,  and  many  of  them  are  dry-floored,  being  known  as  play  as; 
conspicuous  examples  are  Carson  Smk,  Black  Rock  Desert  Playa,  and 
the  Surprise  Valley  lakes.  Similar  lakes  exist  in  the  dry  regions  of 
all  other  parts  of  the  world.  They  have  been  called  "Nature's  rain 
gages/'  because  heavier  precipitation  deepens  their  waters  and  di- 
minished precipitation  lowers  them  or  even  dries  them  up  completely. 

Beaches,  perched  deltas,  wave-cut  cliffs,  and  other  evidences  of 
high  shore  lines  have  long  been  known  above  the  lakes  of  the  arid 
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West  (13,  25).  Buried  layers  of  salt  attest  even  more  arid  conditions 
than  occur  today.  The  piecing  together  of  such  lines  of  evidence 
reveals  a  complex  history  of  alternation  between  arid  and  pluvial 
(rainy)  stages  that  have  been  identified  as  alternations  between  ice 
advance  and  retreat. 

The  lakes  of  enclosed  basins  could  not  rise  or  fall  without  affecting 
all  streams  entering  them.  Deltas  and  flood  plains,  formed  while 
waters  were  high,  became  perched  terraces  when  waters  were  low. 
Thus  times  of  building  of  valley  floors  by  deposition  at  high  levels 
were  times  of  glacial  advance,  and  glacial  retreat  witnessed  the 
intrenchment  of  such  surfaces  as  water  levels  dropped. 

Terraces  are  also  formed  along  streams  entering  the  seas,  but  the 
interpretation  of  them  is  quite  the  reverse  of  that  of  terraces  in  the 
enclosed  basins  of  the  arid  West.  Sea  levels  were  lowered  not  as  the 
result  of  diminished  precipitation  but  because  water  evaporated  from 
oceans  was  being  imprisoned  as  ice  caps  on  continents.  The  pluvial 
period  of  the  arid  regions  was  the  low-level  period  for  the  seas.  On 
the  other  hand,  the  arid  times  of  low  waters  in  enclosed  lakes  witnessed 
a  return  of  glacial-melt  water  and  rising  seas.  Terraces  along  streams 
entering  the  sea  thus  represent  interglacial  stages,  and  those  of  streams 
leading  to  enclosed  lakes  in  arid  climates  represent  glacial  stages. 

The  number  of  major  terraces  or  terrace  levels  along  streams  enter- 
ing the  sea  is  universally  four.  The  existing  flood  plains  and  deltas — 
the  Quaternary  alluvium  of  the  geologist — constitute  a  fifth  level. 
This  record  indicates  the  probability  of  five  major  stages  of  glacial 
advance,  each  a  time  of  valley  cutting  as  the  sea  level  sank,  followed  by 
five  major  stages  of  retreat,  each  a  time  of  valley  filling  as  the  sea  level 
rose.  This  terrace  record  occurs  around  the  Mediterranean  Sea, 
along  the  Atlantic  seaboard  of  Europe  and  Africa  (9),  around  the 
Black  Sea  (19),  along  the  Gulf  coast  of  the  United  States  (12),  and 
elsewhere.  The  tilting  of  land  surfaces  during  the  Quaternary  has 
resulted  in  the  preservation  of  individual  terraces,  so  that  they  are 
quite  easily  recognized. 

Different  terrace  tilts  along  the  Gulf  coast  indicate  longer  intervals 
between  the  first  three  than  the  last  two  glacial  stages.  Similar 
evidence  comes  from  the  study  of  fossils,  soils  developed  on  glacial 
deposits,  and  the  chemical  decomposition  of  weathered  rock. 

While  today's  climates  are  glacial  rather  than  normal  from  the 
geologic  standpoint,  it  must  be  recognized  that  the  Recent  epoch  of 
the  geologist  is  a  time  of  waning  glaciation,  rising  seas,  and  return 
toward  normal  climatic  patterns.  The  general  trend  has  been  fairly 
uniform  for  several  thousand  years,  but  interruptions  have  occurred, 
and  short  reversals  in  trend  can  be  demonstrated. 

Evidence  of  Change  During  Post-Glacial  Times 
Types  of  Climatic  Evidence 

From  the  standpoint  of  types  of  evidence  there  are  four  kinds  of 
climatology: 

(1)  Geologic  climatology,  or  true  paleoclimatology,  is  based  on 
evidence  from  rocks.  The  period  of  time  to  which  this  kind  of 
climatology .  is  applied  extends  from  the  oldest  pre-Cambrian  to  a 
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somewhat  uncertain  date  in  the  Quaternary,  a  date  which  is  being 
pushed  farther  back  as  geologists  succeed  in  deciphering  the  record. 
The  discussion  so  far  has  been  concerned  almost  wholly  with  geologic 
climatology.  Its  main  conclusion  is  that  normal  climates  have 
characterized  most  of  earth  history,  being  interrupted  now  and  then 
by  glacial  conditions. 

(2)  Geochronologic  climatology  covers  a  period  from  near  the  start 
of  the  Recent  epoch  to  the  appearance  of  historic  records.  It  begins 
earliest  in  certain  favored  localities  and  ends  soonest  where  man  first 
established  the  habit  of  documentation.  It  differs  from  geologic 
climatology  in  that  its  events  can  be  identified  as  to  year,  precisely  in 
some  cases,  roughly  in  most.  It  is  confined  chiefly  to  a  time  which  has 
witnessed  amelioration  of  maximum  glacial  conditions  and  is  very 
interesting  from  the  standpoint  of  fluctuations,  or  possible  cyclic 
changes. 

(3)  Documental  climatology  is  based  upon  written  records.  Its 
methods,  in  general,  may  first  be  applied  in  Asia  Minor,  Egypt,  and 
Mediterranean  lands  several  centuries  before  the  advent  of  the 
Christian  Era.  In  remote  parts  of  the  earth  it  is  even  now  only 
gradually  being  replaced.  The  chief  value  of  documental  climatology 
lies  in  its  indications  of  possible  cyclic  changes. 

(4)  Instrumental  climatology,  the  precise,  modern  science  based 
upon  actual  measured  observations,  dates  only  from  the  middle  of  the 
nineteenth  century.  The  thermometer  and  barometer  were  invented 
two  centuries  earlier,  but  systematic  observations  were  not  taken. 
The  earliest  rainfall  record,  in  the  modern  sense,  started  at  Padua, 
northern  Italy,  in  1725.  Sunspots  have  been  recorded  since  1749. 
At  the  beginning  of  the  nineteenth  century  there  were  only  5  places 
in  the  United  States  and  12  in  Europe  where  worth-while  observations 
were  being  taken.  The  Challenger  Expedition,  1872-76,  brought  back 
the  first  significant  observations  taken  at  sea.  Even  today  the 
climatologist  finds  data  too  meager  for  satisfactory  conclusions  in 
nearly  all  parts  of  the  world. 

Varves 

The  longest  and  most  satisfactory  geochronology  is  based  upon 
annual  layers  of  clay  and  silt  deposited  in  quiet  waters  subject  to 
freezing  during  winter  and  thawing  in  summer.  In  a  frozen  lake  the 
only  material  being  deposited  on  the  bottom  is  very  fine  clay  held  in 
suspension  by  the  water.  Surface  ice  prevents  new  material  from 
entering.  The  layer  formed  under  such  conditions  is  thin  and  is 
composed  of  materials  so  fine  that  several  months  may  have  been 
required  for  individual  particles  to  settle  a  few  feet.  Thaw  brings  in 
fresh  water  and  new  sediment.  If  inflowing  waters  are  rapid  this 
sediment  may  be  quite  coarse.  The  lake  bottom  then  receives  a 
thick  layer,  ordinarily  of  much  coarser  material  than  that  deposited 
in  winter.  Each  annual  deposit  of  this  kind  is  called  a  varve.  It  has 
a  thick  summer  zone  and  a  thin  winter  zone.  By  counting  varves  one 
is  able  to  extend  investigations  back  year  by  year.  This  idea  origi- 
nated in  the  mind  of  Gerard  De  Geer  in  1878  (8),  was  first  published 
by  him  in  1882,  was  demonstrated  before  the  Geological  Society  of 
Stockholm  in  1884,  and  was  applied  on  a  large  scale  as  the  result  of 
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extensive  studies  starting  in  1904.  Since  then  many  workers  have 
used  it;  notable  among  them  have  been  Sauramo,  Sayles,  and  Antevs. 

Varves  are  studied  by  methods  similar  to  the  stratigraphic  correla- 
tion of  the  geologist.  No  one  place  has  a  complete  record,  so  conclu- 
sions have  to  be  based  on  evidence  extended  from  one  locality  to  the 
next.  Since  few  individual  varves  extend  more  than  a  few  miles, 
their  time  identification  depends  upon  techniques  other  than  following 
individual  layers  from  place  to  place. 

One  of  the  simplest  methods  used  in  correlation  of  varves  depends 
upon  the  fact  that  they  are  variable  in  thickness.  No  two  successive 
years  are  likely  to  leave  exactly  the  same  amount  of  deposit  on  a  lake 
floor.  Patient  measurement  of  the  thickness  of  each  varve  in  a  se- 
quence can  be  plotted  on  a  scale  that  exaggerates  thickness.  A  sim- 
ilar record  from  another  sequence  might  match  the  first  record,  or 
it  might  disagree  in  some  or  all  respects.  Suppose,  for  example,  that 
several  varves  in  one  place  could  be  expressed  by  such  thicknesses  as 
3,  8,  5,  8,  15,  4,  in  sequence,  and  that  from  some  other  place  the  record 
contains  the  sequence  5,  8,  15,  4,  7,  7,  11;  it  is  reasonable  to  suppose 
that  there  is  an  actual  overlapping  of  records  hi  the  years  5,  8,  15,  4. 
The  second  record  extends  information  slightly  in  a  direction  opposite 
to  the  first  2  years  of  the  first  record.  This  is  essentially  the  method 
by  which  varves  have  been  patiently  measured  across  Scandinavia, 
parts  of  the  United  States,  and  in  various  other  parts  of  the  earth. 

Of  course,  the  example  given  above  is  highly  simplified.  Actual 
records  from  a  single  place  often  contain  hundreds  or  thousands  of 
varves,  and  the  overlapping  between  nearby  exposures  often  includes 
half  or  more  of  each  record.  Then,  too,  the  best  modern  techniques 
do  not  depend  entirely  on  varve  thickness.  Some  investigators  prefer 
to  use  such  things  as  the  ratio  between  the  thicknesses  of  summer  and 
winter  zones.  The  significant  thing  is  that  each  varve  represents  a 
single  year  and  that  a  geochronology  has  been  based  upon  varve 
evidence. 

Varve  geochronology  has  been  tied  into  our  own  chronology  as  the 
result  of  a  very  fortunate  event.  Lake  Ragunda,  in  Sweden,  was 
totally  drained  in  the  year  1796,  and  thus  the  date  of  its  uppermost 
varve  is  definitely  known.  .Below  are  1,100  beautifully  preserved 
varves.  This  record  was  correlated  with  those  of  nearby  localities, 
and  eventually  a  geochronology  was  developed  that  covered  nearly 
all  of  Scandinavia.  The  matching  of  this  record  with  that  of  varves 
in  the  United  States  is  not  as  yet  thoroughly  established. 

As  the  formation  of  varves  requires  annual  freezing  and  thawing 
they  cannot  exist  under  glaciers.  They  start  to  form  only  after  ice 
has  retreated.  The  oldest  varves  in  Scandinavia  are  thus  found  in  the 
extreme  south,  and  the  appearance  of  younger  varves  northward 
makes  it  possible  to  follow  the  retreat  of  the  ice  front  on  practically 
a  year-to-year  basis.  About  13,700  years  are  represented  in  the 
Scandinavian  records  (7).  Similar  studies  elsewhere  will  drive  the 
varve  geochronology  back  through  many  additional  centuries. 

Tree  Rings 

A  second  type  of  geochronology  is  based  on  the  amount  of  wood 
added  as  tree  rings  each  year.    Records  of  this  kind  extend  back  only 
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about  3,000  years  in  living  trees,  but  careful  research  may  add  another 
thousand  or  so.  .-. 

Tree-ring  studies  were  first  undertaken  in  the  plateaus  or  Arizona 
by  A.  E.  Douglass  (10),  who  demonstrated  a  close  relationship  between 
annual  rainfall  and  the  widths  of  rings  in  yellow  pine  trees.  Ellsworth 
Huntington  (15)  extended  investigations  to  the  big  tree  of  California 
(Sequoia  gigantea),  a  specially  desirable  species  for  study  because  of  its 
phenomenal  longevity.  Antevs  and  others  have  refined  techniques 
in  more  recent  studies.  By  a  method  very  similar  to  that  used  for 
varve  correlation,  Douglass  and  others  have  studied  wood  preserved 
in  the  pueblos  of  the  Southwest  and  have  thus  extended  their  chronol- 
ogy beyond  the  lives  of  any  trees  whose  stumps  remain  standing  (11). 
On  the  whole,  however,  the  climatic  generalizations  based  on  North 
American  tree  rings  have  not  been  driven  back  as  far  as  documental 
evidence  in  the  eastern  Mediterranean.  The  identification  of  indi- 
vidual years  marked  by  climatic  peculiarities  in  many  cases  appears 
to  be  more  precisely  determined  through  tree  rings  than  by  means  of 
documental  evidence. 

Other  Evidences  of  Climatic  Change 

Less  certainly  dated  than  the  years  represented  by  varves  or  tree 
rings  are  conclusions  as  to  climate  depending  on  other  types  of 
geochronological  evidence. 

The  succession  of  plant  types  in  peat  shows  that  " there  have  been 
several  climatic  waves  since  the  last  glacial  period,  each  of  relatively 
long  duration"  (5).  A  period  of  some  30,000  to  35,000  years  is  in- 
cluded in  this  generalization.  In  the  British  Isles  climatic  changes 
based  on  peat  studies  carry  back  to  about  11,000  B.  C.  and  have  been 
correlated  with  stages  in  the  cultural  development  of  man  (26). 

Quaternary  animal  remains  yield  a  similar  story.  The  bones  of 
arctic  land  mammals  far  south  of  the  limits  of  present-day  distribution 
are  regarded  as  evidence  of  colder  conditions  than  those  now  existing. 
The  presence  of  the  bones  of  certain  steppe  and  desert  animals  in 
western  Europe  indicates  drier  conditions  in  the  past.  Many  marine 
animals  of  lower  orders  are  extremely  sensitive  to  temperature  change 
and  their  migrations  along  coasts  yield  interesting  source  material 
for  the  historian  of  the  Quaternary  period. 

Man's  history  is  practically  coincident  with  the  Quaternary.  He 
left  little  trace  of  his  presence  in  the  early  part  of  this  period,  but  his 
records  become  relatively  rich  as  time  advances.  At  one  time  he  was 
restricted  to  caves  in  the  Alps  above  the  highest  evidences  of  ice  in 
valleys,  suggesting  his  presence  during  a  time  of  in  tense  glaciation. 
Artifacts  (tools  and  weapons)  incorporated  in  moraines  of  England 
and  elsewhere  yield  a  story  of  migrations  conditioned  by  various 
advances  and  retreats  in  the  ice  front  (28). 

Many  of  the  most  significant  predocumental  records  of  man  from 
the  standpoint  of  climatic  change  are  concerned  with  variations  in  the 
depths  of  lakes  on  the  shores  of  which  he  built  dwellings.  About  2,400 
B.  C.  the  lakes  of  central  Europe  stood  well  below  today's  levels,  and 
an  early  Neolithic  people  built  homes  in  the  marshes  around  them. 
A  period  of  increased  precipitation  caused  a  "high-water  cat  as  trophy," 
when  floods  destroyed  many  of  the  dwellings.     By  the  end  of  the 
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bronze  age,  about  1,000  B.  C,  the  lakes  reached  a  second  low  stage, 
permitting  an  advance  of  dwellings  and  agriculture  into  lands  now  too 
moist  for  such  purposes.  European  climates  were  warm  enough  at 
that  time  to  permit  the  growing  of  crops  high  in  the  mountains,  in 
places  now  glaciated.  A  new  period  of  flooding,  starting  about  850 
B.  C,  drove  the  people  to  drier  and  warmer  localities.  Similar  his- 
tories have  been  traced  for  dwellers  around  lakes  in  northern  Africa 
and  the  enclosed  lakes  of  western  and  central  Asia  (4). 

The  blending  of  geochronologic  and  documental  evidence  of  climatic 
change  occupies  a  long  transitional  period.  The  foreshadowing  of  the 
documental  stage  appeared  first  in  western  Asia  about  7,000  years  ago. 
In  such  places  as  Tasmania,  much  of  Northland  South  America,  and 
much  of  northern  Asia  the  documental  stage  had  not  been  reached  at 
the  time  of  their  discovery  by  western  Europeans. 

An  excellent  example  of  transition  between  geochronologic  and 
documental  methods  of  climatic  research  is  cited  by  Brooks  (4),  with 
reference  to  the  alternate  settlement  and  abandonment  of  Aiiau,  in 
northern  Persia.  Evidence  first  appears  in  the  form  of  artifacts, 
later  as  historical  documents.  Estimates  of  time  during  the  early 
part  of  the  record  are  based  on  the  thickness  of  sedimentary  deposits 
between  various  cultural  horizons,  but  later  they  become  matters  of 
actual  chronology.  As  Anau  is  on  the  arid  margin  today  and  agri- 
culture is  just  barely  successful,  each  abandonment  is  regarded  as 
the  result  of  increased  aridity  and  each  reoccupation  as  the  sign  of 
increased  precipitation.  This  conclusion  is  strengthened  by  geologic 
interpretations  of  the  deposits,  archeologic  interpretation  of  culture 
habits,  and  the  negative  evidence  of  the  absence  of  indications  of 
conquest,  diseases,  or  other  nonclimatic  causes  of  migration.  Stated 
briefly,  the  record  shows  an  occupation  of  Anau  about  9,000  B.  C, 
again  in  6,000  B.  C,  again  in  5,200  B.  C;  a  short  abandonment  about 
3,000  B.  C.;  complete  abandonment  in  2,200  B.  C.  not  only  of  Anau 
but  of  a  large  adjacent  territory  as  well;  and  a  final  reoccupation  about 
750  B.  C. 

Documental  climatology  ordinarily  deals  with  manuscripts  written 
for  purposes  other  than  climatic  description.  Research  in  this  field 
often  means  going  through  hundreds  or  thousands  of  pages  to  glean 
a  single  pertinent  observation.  Interpretations  are  often  risky. 
About  438  B.  C,  for  example,  Herodotus  happened  to  mention  the 
shape  of  the  Caspian  Sea  in  such  a  way  as  to  imply  a  length  about  six 
times  its  width.  Huntington  (14)  has  investigated  the  configuration 
of  the  land  and  finds  that  this  would  be  the  case  if  the  water  level 
were  150  feet  higher  than  it  is  now.  This  suggests  that  precipitation 
was  then  much  greater. 

Many  workers  have  used  statistical  methods  in  documental  cli- 
matology. Manuscripts  have  been  scanned  for  mere  mention  of 
drought,  floods,  rainless  years,  and  so  on,  and  climatic  curves  have 
been  constructed  on  the  basis  of  the  frequency  of  such  observations 
per  century.  Some  documents  are  quite  to  the  point.  Records  of 
water  level  in  the  Nile  are  almost  continuous  between  A.  D.  641  and 
1480.  Flood  stages  alone  have  been  recorded  for  most  years  between 
1480  and  1830.  Records  of  grape  yields,  success  and  failure  of  wheat 
and  other  cereals,  migrations  of  man  to  less  arid  regions,  etc.,  all  help 
in  reconstructing  climatic  history. 
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What  the  Records  Show 

Geochronological  climatology  demonstrates  a  gradual  amelioration, 
or  lessening,  of  extreme  glacial  conditions  during  the  Recent  epoch 
and  sheds  much  light  on  the  major  oscillations  which  have  at  times 
opposed  and  at  other  times  accelerated  the  general  trend.  Its  con- 
clusions are  dated  only  in  relative  terms  toward  the  beginning,  but 
become  fixed  as  to  year  as  the  record  progresses. 

The  climatic  pattern  of  the  last  major  glacial  advance  is  the  real 
starting  point  from  which  amelioration  proceeded;  hence  a  brief 
summary  of  those  conditions  is  now  in  order.  The  discussion  will 
be  confined  to  the  Northern  Hemisphere,  where  records  are  most 
completely  known.  It  must  always  be  borne  in  mind  that  the  Southern 
Hemisphere  approaches  being  a  reverse  or  mirror  image  of  the 
Northern,  with  important  modifications  resulting  from  more  wide- 
spread development  of  oceans  south  of  the  Equator. 

Along  the  borders  of  the  ice  cap  there  was  a  strip  of  tundra,  just 
as  now,  but  in  Europe  it  extended  as  far  south  as  northern  Spain. 
The  evidence  is  that  of  arctic  plants  in  peat  and  the  remains  of  such 
animals  as  the  arctic  fox,  reindeer,  musk  ox,  and  arctic  lemming  (a 
small  rodent).  A  similar  belt  in  North  America  has  been  demon- 
strated by  the  finding  of  such  animals  as  the  musk  ox  in  Indiana, 
Illinois,  West  Virginia,  Missouri,  and  Iowa  and  reindeer  in  New 
Jersey,  Connecticut,  and  Vermont. 

Between  tundra  and  true  forest  climates  in  Europe  was  a  zone  of 
cold  steppe  similar  in  many  ways  to  the  treeless  plains  of  southern 
Siberia  today.  Here  lived  the  dry-climate  jerboa  (a  jumping  rodent), 
red  suslik  (a  ground  squirrel),  steppe  marmot  (related  to  the  wood- 
chuck)  ,  and  saiga  antelope.  This  zone  appears  to  have  been  narrower 
in  North  America,  where  forests  approached  ice  margins  more  closely 
as  they  do  today  in  parts  of  Alaska  and  particularly  in  New  Zealand, 
where  luxuriant  tree  ferns  and  other  plants  of  tropical  aspect  almost 
reach  the  ice  itself.  The  contrast  between  European  and  American 
steppe  climates  is  readily  explained  by  the  difference  in  trends  of 
mountain  systems. 

True  deserts  were  more  limited  in  extent  than  now,  partly  as  the 
result  of  greater  precipitation  but  chiefly  because  lower  temperatures 
reduced  the  evaporation  rates.  They  were  somewhat  farther  south 
where  topography  permitted. 

Forest  climates  in  Europe  were  split  into  two  groups,  one  confined 
to  narrow  strips  along  the  Atlantic  seaboard  and  the  other  in  the 
highlands  toward  the  southeast.  Glaciation  so  upset  pre-Quarternary 
conditions  that  most  of  the  Tertiary  flora  vanished,  and  Europe  today 
is  poor  in  plant  species.  The  ice  crowded  plants  against  mountain 
ranges  they  could  not  cross.  In  North  America  the  open  belt  of  land 
south  of  the  ice  permitted  southward  migration  of  plants,  and  they 
again  moved  northward  as  the  ice  retreated.  Many  plants  have 
remained  behind  as  disjuncts  or  relics  of  ice-age  distribution. 

Tropical  climates  were  somewhat  cooler  during  glacial  maxima. 
The  glaciers  on  Mount  Kenya,  8  miles  south  of  the  Equator,  are  now 
confined  to  elevations  in  excess  of  15,000  feet.  During  the  Pleistocene 
they  extended  down  to  10,000  feet.     A  similar  record  exists  in  Mexico. 
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The  glaciers  on  Popocatepetl  came  down  about  4,725  feet  below 
present  levels  and  those  on  Ixtaccihuatl,  3,860  feet. 

Recession  of  glaciers  shifted  climatic  belts  toward  existing  positions 
(1,  28)  .^  As  land  formerly  covered  with  ice  was  exposed,  tundra 
vegetation  was  established  upon  it,  steppes  expanded  in  continental 
interiors,  deserts  grew  in  size  and  shifted  northward.  Forests  followed 
in  the  path  of  migrating  tundras  both  northward  and  upward  into 
mountains  as  temperatures  ameliorated. 

It  is  thought  that  the  last  general  recession  of  continental  glaciers 
began  about  30,000  to  40,000  years  ago.  Varves  in  North  America 
account  for  some  28,000  years,  but  the  record  is  incomplete  and  has 
not  been  tied  into  the  European  geochronology.  From  a  climatic 
standpoint  it  is  convenient  to  consider  this  epoch  of  retreat,  the  Recent 
of  the  geologist,  in  four  parts,  differentiated  chiefly  on  the  basis  of 
evidence:  (1)  From  about  30,000  to  40,000  years  ago  to  about  12,000 
B.  C,  a  time  of  glacial  recession,  with  halts  and  minor  advances 
indicated  by  varves  and  types  of  evidence  that  are  essentially  geologic ; 
(2)  from  12,000  to  120  B.  C,  a  time  when  the  record  is  fairly  clear  with 
respect  to  minor  climatic  oscillations,  the  evidence  being  essentially 
archeologic  or  paleontologic  and  the  dating  depending  chiefly  on 
varves;  (3)  from  120  B.  C.  to  the  middle  of  the  nineteenth  century, 
with  documental  evidence  of  climatic  swings;  and  (4)  since  the  middle 
of  the  nineteenth  century,  the  instrumental  period,  with  precise  data. 
The  major  events  during  ice  retreat  do  not  coincide  with  these  periods. 

In  northwestern  Europe  the  Arctic  period,  characterized  by  extreme 
glacial  climates,  gradually  passed  into  the  Subarctic  period  in  about 
12,000  B.  C.  A  Baltic  ice  lake,  which  did  not  communicate  with  the 
Atlantic  Ocean,  was  then  established  along  the  southern  and  eastern 
fringe  of  the  melting  ice.  Accelerated  melting  occurred  in  about 
8,000  B.  C,  and  the  ice  retreated  far  enough  northward  to  permit  the 
entrance  of  saline  Atlantic  waters  into  the  Baltic,  and  a  cold-water 
Yoldia  fauna  (a  group  of  shelled  animals,  the  most  common  of  which 
was  Yoldia  arctica,  which  today  lives  only  in  waters  at  least  as  cold 
as  32°  F.)  was  established.  The  lands  of  central  Europe  then  experi- 
enced a  northern  (Boreal)  climatic  period,  the  diminishing  intensity 
of  which  permitted  northward  migration  of  forests.  After  some  com- 
plications in  Baltic  history,  which  are  chiefly  of  geologic  interest  and 
need  not  concern  us  here,  in  about  the  year  5,000  B.  C.  the  Baltic 
became  warm  enough  to  support  types  of  life  that  demand  tempera- 
tures warmer  than  those  of  today.  Geologists  speak  of  this  time  as 
the  Littorina  period,  naming  it  after  one  of  the  dominant  species  of 
snails  living  in  the  Baltic  at  that  time.  Men  living  in  western  Europe 
were  making  kitchen  middens,  or  refuse  heaps,  which  are  now  being 
excavated  for  the  purpose  of  examining  their  culture,  a  stage  called 
Epipaleolithic.  From  the  climatic  standpoint,  warm  and  moist 
conditions  lasted  from  about  5,000  to  3,000  B.  C,  and  the  time  is  called 
the  Atlantic  period.  Temperatures  were  high  enough  so  that  all 
small  mountain  glaciers  of  the  Alps  and  the  present  United  States 
disappeared  completely  (21). 

The  Atlantic  period  was  followed,  about  2,000  B.  C,  by  the  dry 
and  warm  Subboreal  period,  which  lasted  well  over  a  thousand  years. 
Men  were  leaving  curious  piles  of  rock — dolmens — in  western  Europe 
and  practicing  mass  burials  of  their  dead.     Others,  the  "lake  dwellers," 
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were  building  houses  in  marshy  places  which  later  became  lakes. 
The  cultural  stage  was  Neolithic  in  western  Europe.  Some  lines  of 
evidence  lead  us  to  believe  that  the  actual  minimum  in  precipitation 
occurred  in  about  2,200-2,000  B.  C,  but  there  was  also  very  dry 
weather  centering  about  1,000  B.C.  In  all  probability  there  were 
two  times  of  extreme  dryness  separated  by  a  short  period  of  intense 
rainfall,  for  it  has  been  established  that  the  lake  villages  in  Switzerland 
were  destroyed  by  flood  in  1,275  B.  C. 

Subboreal  times  were  followed  by  increasing  rainfall  and  cooler 
weather  in  western  Europe,  during  a  period  known  as  Subatlantic, 
which  reached  typical  development  between  850  and  300  B.  C. 
Bronze  and  iron  ages  were  blended  into  historic  times.  The  Hallstat 
and  La  Tene  cultures  of  central  Europe  characterize  most  of  the 
period.  From  peat  bogs  of  Subatlantic  times  come  not  only  a  rich 
record  of  human  events  but  also  a  detailed  botanical  record  of  se- 
quential climatic  changes. 

The  climatic  history  just  sketched  is  quite  definite  for  western  and 
central  Europe.  Was  it  universal?  Instrumental  records  from 
recent  decades  plainly  tell  us  that  many  extreme  departures  from 
normal  conditions  at  one  place  have  little  or  no  expression  elsewhere. 
On  the  other  hand,  certain  sympathetic  swings  seem  to  be  related 
even  though  appearing  in  observations  as  widely  spaced  as  different 
continents  or  hemispheres.  Unfortunately  we  know  less  about  the 
geochronologic  period  in  other  continents  than  Europe.  The  record 
from  western  Asia  is  in  rather  close  agreement  as  far  as  it  is  known. 
Ana  u  was  occupied  during  the  wet  period  of  about  5,000  B.  C.  Drought 
occurred  there  in  about  2,000  B.  C,  during  the  European  Subboreal 
period.  Western  Asia  was  again  wet  during  the  moist  Subatlantic 
period  of  Europe.  About  400  B.  C.  a  precipitation  maximum  is 
indicated  in  North  America,  Africa,  western  Asia,  and  Europe.  All 
of  these  places  record  very  dry  conditions  about  A.  D.  700.  There  is 
thus  considerable  evidence  in  favor  of  world-wide  climatic  swings. 
On  the  other  hand,  the  records  indicate  some  notable  exceptions, 
particularly  between  European  and  Chinese  precipitation  (4). 

The  documental  period  of  European  climatic  history  indicates 
many  swings  in  climatic  conditions.  During  the  first  century  after 
Christ  precipitation  conditions  over  Europe  and  southwestern  Asia 
appear  to  have  closely  resembled  those  of  today.  This  fact  has  been 
widely  used  as  an  argument  against  climatic  change.  The  evidence 
is  strong,  however,  that  considerable  variability  has  occurred  during 
the  interval.  Advocates  of  climatic  stability  who  use  first-century 
vs.  twentieth-century  comparisons  have  no  stronger  case  than  would 
a  person  who  might  visit  Duluth  each  January  and  advocate  a  theory 
that  average  annual  temperatures  there  are  below  freezing. 

From  about  A.  D.  180  to  350  Europe  experienced  a  wet  period. 
The  fifth  century  was  dry  in  Europe  and  western  Asia  and  apparentlv 
also  in  North  America.  Many  of  the  lakes  in  the  western  United 
States  appear  to  have  dried  out  completely.  Europe  was  both  warm 
and  dry  in  the  seventh  century.  Glaciers  retreated  to  such  an  extent 
that  a  heavy  traffic  used  Alpine  passes  now  closed  by  ice.  Tree  rings 
in  the  western  United  States  indicate  minimum  precipitation  at  this 
tune.      Nile  floods  were  low  until  about  A.  D.  1000. 

The  beginning  of  the  ninth  century  brought  heavier  precipitation 
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to  Europe.  The  levels  of  lakes  rose,  and  people  living  around  their 
borders  were  pushed  upslope.  Documental  evidence  from  south- 
western Asia  and  American  tree  rings  give  similar  testimony.  Warm, 
dry  conditions  returned  during  the  tenth  and  eleventh  centuries. 
This  was  a  time  of  great  exploratory  activity  among  northwestern 
Europeans.  The  Arctic  ice  cap  may  have  disappeared  entirely. 
In  any  event  the  logs  of  Greenland  voyagers  show  routes  of  travel 
where  they  would  now  be  impossible  because  of  ice  floes.  Greenland 
was  settled  in  984  and  abandoned  about  1410  (22).  During  the 
eleventh  and  twelfth  centuries  it  was  in  rather  close  touch  with 
Iceland  and  Europe,  even  to  the  point  of  having  its  own  bishop. 
The  decline  of  the  colony  was  due  to  unsatisfactory  conditions  both 
in  Greenland  and  in  northwestern  Europe.  The  first  half  of  the 
thirteenth  century  was  a  period  of  great  storminess,  as  shown  by 
documents  describing  conditions  on  the  North  Sea.  The  early 
fourteenth  century  was  unusually  cold  and  snowy  in  Iceland  and 
Denmark.  America,  too,  experienced  cold  and  wet  weather  during 
this  general  period.  The  Aztecs  settled  Mexico  in  1325,  when  lakes 
stood  at  levels  higher  than  today's  levels.  Drought  and  lower  levels 
followed,  but  in  1550  lakes  again  reached  high  stages. 

The  early  seventeenth  century  in  Europe  was  particularly  wet. 
Alpine  glaciers  extended  far  down  valleys,  and  northern  Italy  suffered 
from  disastrous  floods.  Glaciers  retreated  between  1640  and  1770 
and  then  advanced  until  the  middle  of  the  nineteenth  century.  Since 
then  they  have  retreated  back  to  sixteenth-century  positions  (21). 
This  appears  to  be  a  world-wide  condition  and  suggests  that  the  last 
century  has  had  higher  summer  temperatures  than  the  eighteenth 
century  just  preceding. 

Rate  of  Change  of  Climate 

Long-Time  Trends,  Short-Time  Fluctuations 

One  normally  considers  that  a  flea  and  an  elephant  differ  greatly  in 
size.  In  relation  to  the  sun,  however,  the  difference  is  inconsequen- 
tial. To  a  geologist  a  long-time  trend  in  climatic  change  might  occupy 
a  million  years  or  so.  To  a  climatologist,  especially  one  who  is  deal- 
ing with  the  instrumental  period,  a  long-time  trend  might  be  a  matter 
of  half  a  century  to  several  centuries.  Short-time  fluctuations  would 
involve  only  a  small  number  of  years. 

The  time  during  which  instrumental  observations  have  been  made 
in  sufficient  quantity  and  under  well  enough  standardized  conditions 
to  permit  comparative  studies  has  been  so  short  that  climatologists 
have  been  severely  handicapped  in  their  attempts  to  find  systematic 
changes  in  weather  conditions.  Precise  studies  can  do  little  more  than 
call  attention  to  short-time  fluctuations.  Our  surest  long-time  trends 
are  established  so  far  on  documental  evidence. 

A  list  of  more  than  50  " climatic  cycles,"  varying  in  length  from  a  few 
days  to  nearly  2  centuries,  has  been  compiled  by  Mascart  (20).  Each 
man  who  has  proposed  one  or  more  of  these  cycles  has  become  con- 
vinced that  he  has  found  a  particular  rhythm  in  which  climatic  condi- 
tions have  changed  from  a  minimum,  through  a  maximum,  and  back 
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to  the  minimum  observational  value.  It  may  be  possible  that  there 
is  true  significance  in  some  of  these  cycles,  but  it  is  also  apparent  that 
the  climatic  experience  resulting  from  various  combinations  of  cycles 
is  indeed  complex. 

Though  firm  advocates  of  climatic  cycles  will  sharply  disagree,  such 
facts  as%ve  possess  today  neither  definitely  demonstrate  nor  disprove 
the  existence  of  any  real  cycle.  Such  climatic  variability  as  has 
been  observed  may  be  explained  as  resulting  wholly  from  random 
fluctuations. 

Climatic  Variations  From  Year  to  Year 

While  the  changes  in  climate  over  such  long  ranges  of  time  as 
otologic  epochs  or  periods  are  primarily  of  practical  interest  only  to 
students  of  earth  history,  and  such  variations  as  occur  during  decades 
are  of  practical  utility  only  in  such  fields  as  long-range  economic  or 
cultural  planning,  the  ordinary  citizen,  especially  if  he  is  concerned 
with  agriculture,  finds  his  interests  chiefly  centered  about  the  ques- 
tion of  variation  from  one  year  to  the  next.  The  problems  of  long- 
range  forecasting  are  discussed  elsewhere  in  this  volume.  Here  it 
need  be  stated  only  that  new  concepts  are  arising  continually  in  the 
minds  of  climatologists  and  that  their  testing  in  the  light  of  increas- 
ingly valuable  instrumental  observation  is  gradually  building  a  secure 
footing  for  the  complete  understanding  of  the  causes  and  nature  of 
climatic  variations  from  year  to  year. 

SOME  THEORIES  OF  CLIMATIC  CHANGE 
Climate  and  Changes  in  the  Earth's  Surface 

The  close  relationship  shown  in  the  geologic  record  between  times  of  revolution 
and  glacial  climatic  patterns  leaves  slight  room  for  doubt  that  crustal  unrest  is 
responsible  for  the  major  breaks  in  the  continuity  of  normal  geologic  climates. 

At  times  of  revolution  continents  are  most  extensive,  and  their  topography  is 
most  complex  and  has  greatest  relief.  These  factors  make  for  increased  tem- 
perature ranges  between  opposite  seasons,  increased  pressure  ranges  both  between 
Beasons  and  from  place  to  place,  higher  wind  velocities,  and  numerous  other 
changes  in  weather  conditions,  all  of  which  in  turn  make  for  climatic  complexity. 

The  fact  that  glacial  deposits  are  almost  wholly  restricted  to  the  formations 
originating  at  times  of  revolution  strongly  favors  the  idea  of  a  cause-and-effect 
relationship.  Most  salt  layers,  the  greatest  deposits  of  coarse  sediment,  and  the 
most  extensive  deposits  of  nonmarine  sediment  also  come  from  these  times  of 
crustal  unrest.     Volcanic  activity  is  most  pronounced  at  such  times  {27). 

In  sharp  contrast  to  the  glacial  climatic  patterns  of  revolutions  is  the  moderate, 
uniform,  subdued-zonal,  "normal"  climatic  pattern  of  the  long  intervals  of 
geologic  quiet.  These  were  times  of  reduced  continental  area,  low  relief,  dimin- 
ished volcanic  activity,  and  crustal  rest. 

Xo  widely  accepted  theory  explains  the  underlying  cause  of  more  or  less  periodic 
geologic  revolutions.  Their  occurrence  is  widely  accepted  as  geologic  fact. 
Their  climatic  relationships  appear  to  be  well  established.  Their  causes  may  be 
regarded  as  matters  for  the  future  to  decide.4 

1  I  Visibly  the  most  attractive  theory  today  relates  them  to  contrasts  between  the  escape  of  heat  generated 
by  radioactive  substances  under  conductive  versus  convective  conditions.  The  earth's  radius  might 
lengthen  slowly— that  is.  the  earth  might  expand  in  size— during  long  intervals  in  which  the  crust  and 
1st  gained  radioactive  heat  more  rapidly  than  conduction  dissipated  it.  Eventually  a  time  would 
come  when  an  important  zone  would  liquefy,  causing  rapid  expansion  and  eeologic  revolution.  A  relatively 
rapid  heat  loss  by  convection  through  the  liquefied  portion  would  permit  crustal  and  subcrustal  cooling. 
the  shortening  of  earth  radii  (contraction  of  the  earth),  a  return  to  solidity,  and  original  conductive  con- 
ditions (1G). 
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Possible  Astronomic  Effects  on  Climate 

Several  theories  of  climatic  change  based  on  causes  not  related  to  the  earth's 
crust  or  atmosphere  are,  or  have  been,  held  in  widespread  popular  esteem.  The 
more  significant  will  be  sketched  here. 

The  annual  revolution  of  the  earth  around  the  sun  takes  place  in  a  plane  called 
the  ecliptic.  The  axis  of  the  earth  is  inclined  toward  this  plane  at  an  angle  of 
about  23°27/3//.  This  inclination  of  the  earth's  axis  is  the  principal  cause  of 
seasons.  It  is  responsible  for  the  differing  lengths  of  night  and  day  experienced 
in  various  latitudes,  causes  seasonal  shifting  of  wind  belts,  and  in  other  ways 
materially  affects  climatic  distribution.  If  the  axis  were  exactly  at  right  angles 
to  the  ecliptic,  days  and  nights  would  always  have  the  same  length  in  all  latitudes. 
This  would  keep  winter  days  from  being  shorter  and  reduce  cold  in  higher 
latitudes. 

It  is  thoroughly  established  that  the  angle  between  the  axis  and  the  ecliptic 
is  not  constant.  It  will  reach  a  minimum  of  about  22° 30'  some  9,600  years 
from  now.  Arguments  that  climatic  changes  result  from  this  cause  are  sound 
enough  in  quality  but  are  not  impressive  from  the  quantitative  standpoint.  The 
variation  is  altogether  too  small  to  account  for  contrasts  indicated  by  the  geologic 
record.  The  cycle  recurs  too  often  to  explain  the  small  number  of  glacial  climatic 
experiences  since  the  beginning  of  the  Paleozoic  era.  It  may  contribute  to  certain 
cycles  "long  range"  in  terms  of  nongeologic  climatology. 

Another  astronomic  fact  is  that  the  axis  of  the  earth  does  not  always  point  ap- 
proximately toward  the  North  Star.  This  means  that  existing  conditions  whereby 
the  earth's  nearest  approach  to  the  sun  (the  perihelion)  occurs  only  a  few  days 
after  the  shortest  day  of  the  northern  winter  ("winter  solstice)  will  gradually  change 
to  an  opposite  extreme  in  which  the  earth  will  be  closest  to  the  sun  in  northern 
midsummer.  This  cycle  occurs  each  26,000  years  and  is  called  the  precession  of 
the  equinoxes.  Northern  Hemisphere  seasonal  contrasts  should  be  somewhat 
intensified  as  the  perihelion  approaches  the  summer  solstice.  This  effect  also 
may  contribute  to  "long-range"  cycles  in  nongeologic  climatology. 

There  are  catastrophic  possibilities  in  astronomic  speculation.  Many  believe 
that  the  earth  originated  from  the  passage  of  some  great  star  so  close  to  the  sun 
that  long  filaments  of  solar  material  were  drawn  out  as  tides.  These  filaments 
broke  into  several  fragments  which  solidified  and  became  planets,  with  rotations 
and  revolutions  resulting  from  the  original  speed  of  the  passing  star.  Lesser 
gravitational  disturbances  originating  outside  the  planetary  system  could  con- 
ceivably jolt  the  earth  now  and  then  so  as  to  upset  the  direction  of  its  axis  or  the 
relative  positions  of  continents  and  bring  about  catastrophic  climatic  changes. 
However,  the  geologic  record  contains  no  evidence  that  this  has  ever  happened. 

The  sun  is  a  variable  star.  This  means  that  the  amount  of  radiant  energy  it 
emits  changes  from  time  to  time.  Some  of  the  shorter  periods  of  change  have 
been  considered  to  be  cyclic,  but  instrumental  observations  extend  back  for  only 
a  few  decades.  Changes  in  solar  radiation  have  been  related  to  the  numbers, 
positions,  and  polarity  of  sunspots.  The  relation  between  sunspots  and  terres- 
trial magnetism  is  very  close,  but  no  conclusive  evidence  indicates  any  simple 
climatic  relationships.  Our  knowledge  on  this  subject  is  increasing  from  year  to 
year.  The  possibilities  of  long-range  forecasting  on  the  basis  of  sunspot  cycles 
are  being  investigated  seriously  by  students  in  various  parts  of  the  earth. 

Whether  variations  in  the  sun's  radiant  energy  could  cause  such  contrasts  as 
exist  between  glacial  and  normal  geologic  climates  is  unknown.  Against  the  idea 
is  the  close  correlation  between  glacial  conditions  and  crustal  revolutions.  If  the 
sun  is  the  underlying  cause,  some  mechanism  whereby  revolutions  and  increased 
volcanic  activity  result  from  varying  amounts  of  radiant  energy  must  be  found. 

Climate  and  Changes  in  the  Atmosphere 

One  of  the  most  popular  explanations  of  glacial  climates  relates  them  to  changes 
in  the  earth's  atmosphere.  The  ability  of  the  sun's  radiant  energy  to  travel  from 
the  outer  limits  of  the  atmosphere  to  the  earth's  surface  may  change  with  changes 
in  the  atmosphere  itself;  on  a  clear  day  the  coefficient  is  higher  than  on  a  day  with 
a  heavy  cloud  layer.  Such  variations  might  produce  results  similar  to  those 
caused  by  variations  in  the  emission  of  radiant  energy  by  the  sun  itself.  It  is  un- 
fortunate that  much  fallacious  argument  has  been  advanced  along  these  lines  and 
that  many  of  the  ideas  advocated  fail  to  consider  all  consequences  of  the  conditions 
postulated. 
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If  the  atmosphere  had  a  perpetual  cloud  layer,  a  great  deal  of  solar  radiation 
would  be  reflected  back  to  space,  and  consequently  the  amount  of  energy  available 
to  the  earth's  surface  in  the  form  of  heat  would  be  diminished.  A  cloud  blanket, 
however  would  also  cut  off  a  good  deal  of  terrestrial  radiation,  tending  to  con- 
serve such  heat  as  might  exist  beneath  it.  Temperature  ranges  between  day 
and  night,  one  season  and  another,  and  higher  and  lower  latitudes  would  be 
reduced.  Arguments  as  to  whether  the  loss  in  the  sun's  heat  reaching  the  sur- 
face (insolation)  exceeds  the  energy  value  of  heat  trapped  by  a  cloud  layer  are 
of  interest  only  if  it  can  be  demonstrated  that  such  a  laj^er  is  a  possibility.  The 
ascent  of  air  to  form  cloud  in  one  place  must  be  matched  by  descent  elsewhere. 
Rotation  and  equatorial  heating  are  bound  to  produce  an  atmospheric  circulation 
in  which  definite  belts  of  descending  air  occur.  The  cloud  blanket  would  be 
broken  at  all  places  where  air  descends,  and  it  would  also  be  punctured  as  the 
result  of  topographic  irregularity  such  as  exists  on  earth  today.  An  extensive, 
though  not  world-wide,  cloud  blanket  could  best  form  over  an  earth  of  small  con- 
tinents having  subdued  relief.  Tendencies  in  this  direction  are  most  readily 
realized  during  normal  geologic  periods  and  might  have  contributed  to  the 
minor  zonal  differences  characteristic  of  normal  climatic  patterns.  They  may 
be  regarded  as  impossible  of  realization  over  the  earth  today  or  at  any  other  time 
of  geologic  revolution.  As  far  as  the  contrast  between  normal  and  glacial  climatic 
patterns  is  concerned,  we  may  regard  crustal  stability  as  the  true  cause  of  con- 
trasts, cloud  lavering  as  a  possible  conditioning  factor. 

Much  has  been  written  about  varying  amounts  of  carbon  dioxide  in  the  atmos- 
phere as  a  possible  cause  of  glacial  periods.  The  theory  received  a  fatal  blow 
when  it  was  realized  that  carbon  dioxide  is  very  selective  as  to  the  wave  lengths 
of  radiant  energy  it  will  absorb,  filtering  out  only  such  waves  as  even  very  minute 
quantities  of  water  vapor  dispose  of  anyway.  No  probable  increase  in  atmospheric 
carbon  dioxide  could  materially  affect  either  the  amount  of  insolation  reaching  the 
surface  or  the  amount  of  terrestrial  radiation  lost  to  space. 

Large  amounts  of  volanic  dust  in  the  atmosphere  have  also  been  considered  as 
a  possible  cause  of  glacial  climates.  Lowered  temperatures  have  followed  great 
dust-producing  volcanic  explosions  during  the  period  of  instrumental  observa- 
tion. Volcanoes  have  been  particularly  active  during  times  of  glacial  climate. 
It  seems  most  reasonable,  however,  to  relate  both  the  volcanic  activity  and  the 
climate  to  crustal  unrest  and  to  regard  the  former  more  in  the  light  of  a  modifying 
influence  than  as  the  underlying  cause  of  the  latter. 

Variations  in  the  Earth's  Heat 

There  is  a  slow  radiation  into  the  atmosphere  of  heat  that  slowly  escapes  from 
the  earth's  interior.  It  has  been  suggested  that  variations  in  the  rate  of  escape 
could  produce  changes  in  climates.  The  rate  of  escape,  however,  is  too  slow  to 
have  an  appreciable  effect  upon  such  things  as  daily  or  seasonal  temperature 
ranges  today.     These  are  controlled  by  solar  rather  than  by  terrestrial  energy. 

A  possibility  exists  that  cyclic  variations  in  the  rates  of  escape  of  the  earth's 
heat  have  occurred  during  the  course  of  geologic  time  (16).  If  such  is  the  case, 
they  have  followed  the  general  history  of  normal  versus  revolutionary  conditions. 
The  idea  is  highly  speculative,  and  at  most  such  changes  have  acted  only  as 
conditions  modifying  climatic  patterns  determined  by  crustal  behavior. 

CLIMATE  AND  MAN 

The  world  pattern  of  climates  today  depends  primarily  upon 
definite  facts  of  atmospheric  behavior  related  to  surface  conditions 
such  as  the  relative  proportion  of  oceanic  cover,  shapes  and  sizes  of 
continents,  their  positions  with  reference  to  the  Poles  and  Equator, 
and  the  distribution  of  plains,  plateaus,  and  mountains  upon  land 
surfaces.  The  world  pattern  during  any  part  of  the  geologic  past 
was,  in  general,  related  to  exactly  the  same  phenomena.  Many  of 
the  facts  of  atmospheric  behavior  have  remained  practically  constant 
throughout  geologic  time.  The  amount  of  atmosphere  has  not 
changed  appreciably  nor  has  its  average  temperature,  viscosity,  com- 
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position,  or  other  significant  physical  property.  The  speed  and 
direction  of  the  earth's  rotation,  the  rate  of  escape  of  heat  from  the 
earth's  interior,  the  amount  of  solar  radiation  received  by  the  earth, 
and  similar  fundamental  climatic  factors  have  either  remained  con- 
stant or  varied  by  only  inconsequential  amounts.  The  most  variable 
factors  affecting  climate  have  been  those  relating  to  continental  sizes 
and  elevations.  It  is  thus  reasonable  to  regard  these  as  the  most 
probable  causes  of  such  climatic  change  as  is  indicated  by  geological 
evidence.  This  conclusion  finds  strong  support  in  numerous  divergent, 
but  not  wholly  unrelated,  fields  of  geological  investigation. 

For  reasons  that  are  today  unknown,  the  earth  has  experienced 
several  relatively  brief  periods  of  crustal  unrest,  each  of  which  has 
been  accompanied  by  evidences  of  glaciation  in  various  parts  of  the 
earth's  surface  and  by  intense  aridity  in  other  parts.  Between  these 
revolutionary  periods  have  been  vastly  longer  intervals  of  quiet  and 
climatic  monotony.  Such  is  the  general  outline  of  climatic  history  of 
geological  proportions. 

Man  appeared  on  the  scene  during  a  revolutionary  period  and  has 
experienced  glacial  climates.  In  the  geologically  recent  portion  of 
his  experience,  during  which  he  has  progressed  through  a  cultural 
development  which  has  culminated  in  such  scientific  advances  as  the 
introduction  of  modern  instrumental  observation,  he  has  witnessed  a 
slow,  and  possibly  permanent,  amelioration  of  extreme  glacial  cli- 
mates, but  he  has  at  no  time  experienced  the  normal  climate  indicated 
by  most  of  the  geologic  record. 

Man  has  observed  that  climatic  conditions  fluctuate  rather  widely 
from  time  to  time  at  a  given  place,  and  in  seeking  to  understand  such 
natural  phenomena  he  has  been  tempted  to  explain  such  fluctuations 
on  the  basis  of  recurring  cycles.  As  yet,  however,  no  definite  proof 
has  been  advanced  to  contradict  the  opinion  that  all  such  relatively 
short-term  climatic  changes  are  nothing  more  than  matters  of 
chance.  The  world  pattern  of  climates  today  is  the  product  of 
climatic  variations,  not  the  expression  of  recurring  mean,  or  normal, 
conditions.  The  extent  of  desert  climate  will  not  be  the  same  next 
year  as  this.  The  humid  margin  of  the  desert  is  the  product  of  an 
ever-changing  distribution  of  extreme  aridity.  The  time  may  come 
when  such  changes  will  be  well  enough  understood  to  be  of  definite 
forecast  and  economic  value,  but  it  is  likely  that  such  information 
will  be  the  fruit  of  long-continued  and  patient  research. 

Interest  in  changes  of  geologic  proportions  will  remain  intellectual. 
There  is  satisfaction  in  learning  the  secrets  of  earth  history,  even 
though  our  investigations  are  based  almost  entirely  upon  evidence 
that  accumulated  long  before  the  appearance  of  man  on  the  earthly 
scene  and  all  forecasts  relate  to  a  time  when  he  may  no  longer  be 
present  to  verify  or  contradict  them. 
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Climate  and  the 
World  Pattern 

By  David  I.  Blumenstock  and  C.  Warren  Thornthwaite  l 

THREE  GREAT  patterns  dominate  the  earth  and  are  of  tre- 
mendous importance  to  man — the  pattern  of  climate,  the  pattern 
of  vegetation,  and  the  pattern  of  soils.  When  the  three  patterns 
are  laid  one  upon  another,  their  boundaries  coincide  to  a  re- 
remarkable  degree  because  climate  is  the  fundamental  dynamic 
force  shaping  the  other  two.  The  relationships  between  these 
three  patterns  have  been  the  object  of  considerable  scientific 
study,  and  some  of  the  results  are  here  broadly  outlined.  A 
fourth  pattern  laid  upon  the  three  is  that  of  human  culture,  or 
civilization.  Though  modern  man  has  some  freedom  to  vary 
this  pattern  because  of  his  control  of  other  forces,  he  too  cannot 
go  beyond  certain  limits  set  fundamentally  by  climate. 


David  I.  Blumenstock    is   Assistant    Climatologist  and  C.   Warren  Thornthwaite  is  Chief,  Climatic 
and  Physiographic  Division.  Office  of  Research,  Soil  Conservation  Service. 
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The  most  obvious  difference  in  appearance  between  one  region  and 
another  is  found  in  surface  configuration,  with  such  contrasts  as  those 
between  flat,  open  plains  and  rugged  mountains  or  low  marshland 
and  high,  rocky  plateaus.    Vegetation  also  varu  -  mple, 

contrast  sharply  with  open  grassland  or  desert.    F  as  in  turn 

can  be  distinguished  from  one  another  by  the  kind  of  trees  that  com- 
pose the  stands.  The  coniferous  f<  ific  coast  are  quite 
different  in  appearance  and  aspect  from  the  deciduous  forests  of  Ohio 
or  Indiana.  Grassland  areas  too  present  important  contrasts,  as  be- 
tween the  tall-grass  prairies  of  Iowa  and  the  short-grass  plains  of 
m  Colorado  or  the  bunchgrass  regions  of  Utah  and  Nevada. 
Again,  underneath  the  mantle  of  vegetation  there  are  great  variations 
in  sod  characteristics  between  one  area  and  another. 

All  of  these  factors — surface  configuration,  vegetation,  soils- — vary 
from  place  to  place.  Yet  there  are  extensive  areas  where  each  is 
relatively  homogeneous,  and  it  thus  becomes  possible  to  identify  and 
map  regions  with  uniform  characteristics  of  surface,  vegetation,  and 
soil.  The  regions  thus  identified  form  a  general  pattern  or  arrange- 
ment that  can  be  best  interpreted  in  climatic  terms.  The  influence  of 
climate  on  the  growth  of  plants  is  a  predominant  factor  affecting  then- 
distribution :  and  the  relationship  between  soil  formation  on  the  one 
hand  and  vegetation  and  climate  on  the  other  is  so  close  that  the 
pattern  displayed  by  a  sods  map  likewise  reflects  climatic  conditions. 
Surface  configuration,  being  due  in  part  to  great  internal  diastrophic 
forces  (forces  responsible  for  the  formation  of  the  earth's  surface)  is 
ifluenced  by  climate  than  is  either  vegetation  or  sod.  but  the 
influence  is  great  enough  for  the  minor  surface  features  to  reflect  the 
climate  of  the  area  in  which  they  occur. 

THE  CLIMATIC  PATTERN 

The  pattern  formed  by  the  distribution  of  climatic  types  over  the 
surface  of  the  earth  is  a  reflection  of  the  nature  of  the  general  circu- 
lation of  the  atmosphere.  The  tilting  of  the  earth  on  its  axis  to  form 
an  angle  of  66^c  with  the  plane  in  which  it  revolves  about  the  sun 
(plane  of  the  ecliptic  causes  the  rays  of  the  sun  to  fall  more  directly 
on  tropical  than  on  polar  regions.  As  a  result,  lower  latitudes  are 
warmed  more  than  higher  ones.  Air.  heated  at  the  Equator,  expands 
upward  and  flows  poleward  aloft.  Thus  thr  total  weight  of  air 
the  Poles  increases,  and  this  causes  high  pressure  at  the  ground  in 
very  high  latitudes :  whereas  the  outflow  of  air  aloft  aroimd  the  Equator 
causes  the  air  at  the  ground  to  have  less  weight.  The  difference  in 
surface  pressures  thus  set  up  creates  a  return  flow  of  air  along  the 
ground,  from  the  Poles  equatorward.  since  fluids  tend  to  move  from 
areas  of  higher  pressure  to  areas  of  lower  pressure. 

The  earth,  however,  is  rotating  on  its  axis  from  west  to  east.  Hence 
the  return  flow  does  not  follow  a  simple,  direct  line  from  the  Poles  to 
the  Equator.  Rather,  winds  are  deflected  because  of  the  rotation, 
being  thrown  off  to  the  right  in  the  Northern  Hemisphere  and  to  the 
left  in  the  Southern.  In  addition,  friction  produced  by  the  earth's 
surface  causes  modifications  in  the  simple  flow  pattern.  The  result 
aeries  of  belts  with  prevail  grinds  in  the  polar  regions  and 

near  *  tor.  but  with  west  winds  in  the  middle  latitudes.     The 
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Figure  1. — A,  B,  The  general  circulation  of  the  atmosphere  and  the  rainfall  belts  as 
they  would  appear  on  a  uniform  earth — that  is,  one  without  irregular  masses  of  con- 
tinents and  oceans.  A  is  the  view  looking  down  on  the  Equator;  B,  that  looking  down 
on  the  North  Pole.  Arrows  show  how  the  atmospheric  circulation  is  split  into  three 
cells  in  each  hemisphere.  Shaded  portions  are  areas  of  maximum  rainfall;  unshaded 
portions  are  dry  areas.  C,  D,  Generalized  rainfall  pattern.  This  shows  how  the  rain- 
fall pattern  in  A  and  B  is  modified  by  continents  and  oceans.  Shaded  portions  are 
areas  of  heavy  rainfall;  unshaded  areas  are  dry.  The  loop  formed  by  the  black  line 
in  C  (looking  down  on  the  Equator)  is  a  generalized  continental  area;  it  roughly  repre- 
sents North  and  South  America  in  the  Western  Hemisphere,  and  Europe,  Asia,  and 
Africa  in  the  Eastern  Hemisphere.  In  D  (looking  down  on  the  North  Pole)  the  con- 
tinents are  represented  by  an  egg-shaped  loop  in  each  hemisphere.  E,  F,  The  distribu- 
tion of  the  principal  climatic  types  on  the  generalized  continental  area.  E,  looking 
down  on  the  Equator,  shows  the  generalized  continent  outlined  as  a  loop  in  C.  r, 
looking  down  on  the  North  Pole,  shows  the  two  egg-shaped  continental  masses  outlined 
in  D.  The  letters  and  shadings  in  these  two  diagrams  represent  the  climatic  divisions 
of  the  earth  according  to  Thornthwaite's  classification,  described  in  the  text. 

simple  drift  of  air  equatorward  in  the  lower  levels  and  poleward  aloft 
is  broken  down  into  a  series  of  subdivisions  or  cells  with  air  ascending 
in  the  equatorial  region  and  in  high  middle  latitudes  and  descending 
in  the  subtropics  and  in  polar  regions.  This  cellular  pattern  of  at- 
mospheric circulation  is  shown  by  the  arrows  in  figure  1,  A  (25). 2 
Because  of  the  difficulty  of  representing  clearly  all  features  of  the 
climatic  pattern  of  the  earth  on  a  flat  map  or  diagram;  the  pattern  is 
presented  from  two  angles  in  figure  1 — first  as  it  would  look  from  over 
the  Equator,  and  second,  as  it  would  look  from  over  the  North  Pole. 
Precipitation  occurs  from  air  which  is  cooled  by  being  forced  aloft 
where  two  currents  converge.  Thus,  were  it  not  for  the  uneven 
distribution  of  land  and  sea  there  would  be  rainy  belts  corresponding 
to  the  belts  of  ascending  air  in  low  latitudes  and  in  high  middle  lati- 
tudes as  shown  by  the  shaded  areas  in  figure  1,  A  and  B.  But  land 
heats  and  cools  more  rapidly  than  do  the  oceans,  which  act  as  great 

2  Italic  numbers  in  parentheses  refer  t<»  Literature  Cited,  (*•  126. 
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heat  reservoirs,  and  the  distribution  of  the  continents  therefore  has 
a  marked  effect  on  the  circulation  pattern.  There  are  certain  pre- 
ferred positions  or  routes,  like  main  highways,  along  which  cold  air 
moves  down  from  the  Poles  to  meet  the  warmer  air  moving  up  from 
low  latitudes.  The  modified  pattern  which  results  is  shown  in  the 
two  hemisphere  diagrams  in  figure  1,  C  and  D.  The  area  within  the 
loop  in  figure  1,  C,  represents  a  much-generalized  continental  land 
mass,  either  North  and  South  America  or  Eurasia  and  Africa,  sur- 
rounded by  water.  The  triangular  area  to  the  south  represents 
Antarctica.  The  polar  view,  figure  1,  D,  shows  the  portions  of  the 
two  continents  which  lie  north  of  the  Equator.  As  brought  out  in 
the  polar  view,  the  relatively  dry  area  (unshaded)  forms  an  S  in  the 
Northern  Hemisphere,  the  center  of  the  S  being  at  the  Pole.  In  the 
Southern  Hemisphere,  where  large  continental  masses  in  high  middle 
latitudes  are  entirely  lacking,  the  pattern  is  less  pronounced.  In- 
sufficient data  make  any  definite  conclusion  impossible,  but  it  is 
reasonable  to  believe  that  there  too  the  dry  tongues  produce  an 
analogous  pattern,  but  with  three  tails  comprised  in  a  reverse  S. 

Annual  precipitation  varies  enormously  over  the  earth,  the  minimum 
being  less  than  1  inch  and  the  maximum  in  excess  of  900  inches.  As  a 
result,  types  of  vegetation  have  developed  which  vary  greatly  in  their 
moisture  requirements.  At  one  extreme,  the  water  available  for 
vegetation  is  vastly  more  than  sufficient  for  the  most  extravagant 
users  of  water;  and  at  the  other,  there  is  insufficient  to  permit  the 
development  of  the  most  abstemious  of  water-using  plants.  On  the 
basis  of  varying  moisture  requirements,  five  principal  types  of  vegeta- 
tion have  developed  over  the  earth's  surface.  Because  of  their 
dependence  on  precipitation  for  moisture,  these  vegetation  types 
correspond  to  climatic  regions  as  follows: 

Vegetation  type  Climatic  region 

Rain  forest  A — superhumid 

Forest  B- — humid 

Grassland  C — subhumid 

Steppe  D — semiarid 

Desert  E — arid 

Since  some  of  the  water  that  falls  on  the  land  evaporates  directly 
and  some  runs  back  to  the  sea,  only  a  part  of  the  precipitation  is 
available  for  plants.  This  remainder,  which  the  plants  may  use,  is 
called  effective  precipitation.  As  temperature  decreases  from  the 
Equator  to  the  Poles,  losses  due  to  evaporation  and  run-off  diminish 
and  consequently  the  effectiveness  of  a  given  amount  of  rainfall 
increases.  Thus,  the  diagrammatic  representation  of  the  distribution 
of  rainfall  in  figure  1,  C  and  D,  fails  to  give  an  adequate  picture  of  the 
pattern  of  climates.  Even  though  the  annual  rainfall  in  the  polar 
regions  is  small,  the  evaporation  is  smaller  still,  and  the  resultant 
climate  is  humid. 

At  present,  no  meteorological  instrument  for  measuring  effective 
precipitation  exists.  Total  precipitation  falling  on  any  part  of  the 
earth  can  be  measured,  but  the  proportion  not  lost  as  evaporation  or 
run-off  and  available  for  plants  cannot  be  measured  directly.  Vegeta- 
tion itself  serves  as  the  most  satisfactory  existing  measure  of  effective 
precipitation;  thus,  the  five  principal  climatic  types  are  mapped  by 
means  of  natural  vegetation.     The  distribution  of  soil  types  and,  to  a 

•j«..s737°— 41 s 
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lesser  degree,  patterns  of  drainage  and  land  surface  and  of  land  use, 
verify  the  fivefold  climatic  division  suggested  by  the  distribution  of 

vegetation  (25) .  ,,..,.         *   i     ^        t 

In  figure  1,  E  and  F,  the  generalized  distribution  ol  the  five  climatic 
types  is  shown,  the  land  areas  being  shaded  from  solid  black  to  white 
to  conform  to  the  range  from  superhumid  (A)  to  arid  (E).  The  rela- 
tions between  C  and  E  and  between  D  and  F  of  figure  1  can  readily  be 

seen. 

A  number  of  climatic  elements  in  addition  to  precipitation  are 
important  in  determining  the  distribution  of  vegetation,  soils,  .surface 
features,  and  land  utilization.  They  include  temperature,  evapora- 
tion, sunshine,  cloudiness,  and  fog.  Those  of  greatest  significance  are 
precipitation,  evaporation,  and  temperature. 

Lack  of  adequate  evaporation  measurements  has  made  it  necessary 
to  combine  precipitation  and  evaporation  through  developing  indices 
of  effective  precipitation  based  on  the  general  principle  that  an  in- 
crease in  temperature  tends  to  cause  an  increase  in  evaporation.3 
These  indices  have  been  devised  to  show  not  the  actual  total  precipi- 
tation, but  that  portion  of  the  total  which  remains  in  the  soil  available 
for  plant  use.  In  some  areas  nearly  all  of  the  precipitation  enters 
the  soil  and  is  accessible  to  growing  plants,  while  in  others  only  a  very 
small  percentage  reaches  the  subsoil  before  being  evaporated.  Indices 
of  effective  precipitation,  therefore,  are  more  satisfactory  than  total- 
rainfall  figures  in  any  study  of  plant,  soil,  or  agronomic  relationships.4 

When  figures  showing  mean  annual  precipitation  effectiveness  are 
plotted  on  a  map,  it  can  be  seen  that  there  is  a  close  relationship  be- 
tween them  and  the  type  of  natural  vegetation  and  soil  to  be  found 
from  area  to  area.  By  locating  the  transition  zones  between  vege- 
tation and  soil  regions,  critical  values  for  precipitation  effectiveness 
that  have  practical  meaning  in  terms  of  plant  growth  and  soil  develop- 

3  Evaporation  measurements  have  been  made  from  pans,  but  pan  evaporation  is  not  equal  to  true  evapora- 
tion from  a  land  surface,  since*  pans,  unlike  the  ground,  are  kept  supplied  with  water  and  evaporation  from  a 
free  water  surface  is  not  equivalent  to  evaporation  from  the  soil  or  transpiring  leaf  surfaces.  The  statement 
that  evaporation  increases  with  temperature  although  not  strictly  true  holds  in  a  general  way. 

*  De  Martonne  (14),  Meyer  (16),  Lang  (12),  Koppen  (//),  and  others  have  devised  indices  of  precipitation 
effectiveness.    The  one  used  here  was  developed  by  Thorn thwaite  (23,  2f)  and  is  defined  as  follows: 

Thornthwaite's  index  of  precipitation  effectiveness,  which  is  used  in  defining  the  moisture  provinces, 
rests  on  the  basic  assumption  that  evaporation  and  transpiration  tend  to  increase  with  increase  in  tempera- 
ture and  hence  that  the  effectiveness  of  any  given  amount  of  precipitation  decreases  with  temperature 
increase.  Meyer  developed  an  index  of  precipitation  effectiveness  which  employed  this  principle  in  its 
simplest  form.    His  index  was  simply  PIT,  where  P  is  mean  annual  precipitation  in  millimeters  and  T  is 

mean  annual  temperature  in  degrees  centigrade.  De  Martonne  modified  Meyer's  formula,  making  it  (7=37— J 
in  which  P  and  T  retain  the  same  values  assigned  by  Meyer.  Thornthwaite's  index,  based  on  careful  anal- 
ysis of  climatic  records  and  vegetation  distributions,  led  to  the  formulation  of  a  monthly  index  (  — — -  )    7 

where  P= precipitation  in  inches  and  T=temperature  in  degrees  Fahrenheit.  Not  only  does  this  represent 
a  refinement  of  the  form  of  the  index,  but  whereas  Meyer  and  De  Martonne  used  mean  annual  values,  Thorn- 
thwaite  calculates  an  index  for  each  month  and  then  sums  them  to  obtain  the  annual  index.  By  so  doing 
allowance  is  made  for  variations  in  temperature  and  precipitation  from  month  to  month  so  that  greater 
weight  is  given  precipitation  occurring  in  cold  months,  when  evaporation  and  transpiration  are  low,  than 
(luring  hot  months,  when  they  are  relatively  high. 

Through  introducing  a  constant  term  into  the  precipitation  effectiveness  (PE)  index  as  given  above, 
Thornthwaite  has  obtained  whole  numbers  for  PE  values  separating  the  principal  moisture  regions.  He 
found  that  the  superhumid  climates  had  values  above  128,  the  humid  between  64  and  128,  the  subhumid 
between  32  and  04,  the  semiarid  between  16  and  32,  and  the  arid  below  16.  There  is  no  ready  explanation 
as  to  why  these  successive  values  happen  to  form  a  geometric  series. 

The  temperature-efficiency  index  which  is  used  in  defining  the  temperature  divisions  rests  on  the  principle 
that  only  temperatures  above  freezing  are  beneficial  to  plant  growth.  Accordingly  32°  F.  is  subtracted 
from  each  mean  monthly  temperature  (where  these  temperatures  are  expressed  in  degrees  Fahrenheit), 
and  the  L2  differences  are  then  summed.  This  sum  is  divided  by  4  for  the  purpose  of  making  the  magnitude 
of  the  index  comparable  to  that  of  the  PE  index.  By  analogy  with  the  moisture  regions,  the  following 
temperature-efficiency  regions  are  then  recognized:  Macrothermal,  above  128;  mesothermal,  from  64  to 
128;  microthermal,  between  32  and  64;  taiga,  from  16  to  32;  tundra,  0  to  16;  and  perpetual  snow  and  ice, 
below  0  (that  is,  all  mean  monthly  temperatures  below  freezing). 
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merit  have  been  determined.  On  this  basis  the  principal  moisture 
provinces  already  listed  as  climatic  regions  are  defined — superhumid, 
humid,  subhumid,  semiarid,  and  arid. 

In  areas  where  summers  are  short  and  temperatures  are  generally 
low  throughout  the  year — that  is,  near  the  North  or  South  Poles 
and  on  high  mountains — temperature  efficiency  rather  than  precipi- 
tation effectiveness  becomes  critical  in  influencing  plant  distribution 
and  soil  genesis.  Three  major  temperature  provinces  have  been 
recognized  and  delimited  in  terms  of  temperature  efficiency — the 
taiga  (coniferous  forests),  the  tundra  (mosses,  lichens,  and  stunted 
trees),  and  the  climate  of  perpetual  frost.  It  will  be  noted  that  the 
first  two  of  these  have  been  named  after  vegetation  types.  There 
are  three  additional  temperature  divisions* — macrothermal  (hot — 
literally,  great  heat),  mesothermal  (moderate — literally,  middle  heat), 
and  micro  thermal  (cool — literally,  little  heat).  These  do  not  con- 
stitute major  provinces  because  temperature  is  not  a  limiting  value, 
but  they  are  of  importance  in  interpreting  the  distribution  of  soil  and 
vegetation.  The  five  moisture  provinces  and  three  major  temperature 
provinces  distinguished  above  constitute  the  eight  principal  climatic 
divisions  of  the  world. 

Superhumid  (A)  climates  appear  in  equatorial  regions,  particularly 
on  east  coasts,  and  in  high  middle  latitudes  on  west  coasts.  Arid  (E) 
climates  appear  on  the  west  coasts  of  continents  in  low  middle  lati- 
tudes and  extend  as  lobes  into  continental  interiors.  Humid  (B), 
subhumid  (C),  and  semiarid  (D)  climates  make  up  broad  bands  which 
lie  between  the  superhumid  and  arid  climates. 

The  three  climates  characterized  by  low  temperature  efficiency, 
taiga  (D'),  tundra  (E')>  and  the  climate  of  perpetual  frost  (F')>  form 
concentric  bands  around  the  Poles  and  appear  on  higher  mountain 
slopes. 

Irregularities  in  the  shape  of  the  continents  and  in  the  distribution 
of  mountains  and  lowlands  result  in  some  departure  from  the  general- 
ized pattern.  However,  as  can  be  seen  from  the  map  of  world 
climates  (fig.  2),  the  general  arrangement  as  delineated  on  the  general- 
ized continent  is  preserved.  Superhumid  climates  appear  in  the 
equatorial  region  and  include  the  East  Indies  and  part  of  the  Philip- 
pines, the  Malay  Peninsula  and  the  coastal  parts  of  Burma  and 
Indo-China,  the  west  coast  of  India,  the  Guinea  coast  and  the  Niger 
Delta  in  Africa,  Central  America,  and  the  northwest  coast  of  South 
America.  Superhumid  climates  are  found  also  on  continental  west 
coasts  in  high  middle  latitudes,  as  in  western  Europe,  western  North 
America,  and  southwestern  Chile  in  South  America. 

Arid  climates  are  found  on  the  west  coasts  of  continents  in  low 
middle  latitudes  and  inland  to  continental  interiors.  The  largest 
arid  regions  occur  in  Eurasia  and  Africa,  and  include  the  Sahara,  the 
Arabian  deserts,  the  deserts  of  Iran  and  Turkestan,  the  Thar  Desert  of 
India,  and  the  Gobi  Desert  of  Mongolia.  The  arid  regions  of  North 
America,  restricted  largely  to  northern  Mexico,  southern  California, 
Arizona,  Nevada,  and  Utah,  are  much  less  extensive  than  the  Old 
World  deserts,  but  they  occupy  identical  positions  in  the  climatic 
pattern.  Arid  regions  in  the  Southern  Hemisphere  include  the 
Atacama  and  Patagonian  Deserts  in  South  America,  the  Kalahari 
Desert  of  South  Africa,  and  the  Great  Australian  Desert. 
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Semiarid  climates  occupy  broad  belts  around  the  deserts  and  are 
most  extensive  in  Eurasia  and  North  Africa.  Other  large  area?  are 
found  in  western  North  America.  Australia,  and  South  Africa.  The 
semiarid  pan  of  South  America  is  relatively  small. 

The  humid  climates  occupy  extensive  areas  in  the  Tropics  and 
middle  latitudes,  being  found  in  the  equatorial  regions  of  South 
America  and  Africa  and  in  eastern  and  northwestern  United  States. 
central  and  western  Europe.  China  and  eastern  Australia,  and  south- 
eastern South  America. 

The  subhumid  clinic  jut  between   the   humid  and  semiarid 

climates.  They  are  found  chiefly  in  central  United  States  and  Can- 
ada, northeastern  Argentina  and  interior  South  America,  south  and 
central  Africa  a  Australia,  north  China  and  peninsular  India. 

and  in  a  belt  from  central  Germany  eastward  into  Siberia. 

Extensi  3  of  taiga  and  tundra  clinv  found  in  Canada 

and  Siberia.  The  climate  of  perpetual  frost  appears  in  the  inte- 
rior of  Greenland  and  other  polar  islands  and  occupies  the  whole 
continent  of  A  a  tai   t  i  c  a . 

rid  map  shown  in  figure  2  represents  the  mean   'average 
position  of  the  climatic  region-  ally,  the  boundaries  shift  from 

year  to  year,  the  regions  themselves  expanding  or  contracting,  and 
shifts  are  of  critical  importance  in  agriculture.  However,  it  is 
the  mean  position  of  the  climatic  regions  which  is  most  strongly 
related  to  the  distribution  of  natural  vegetation  and  soils  and  the  devel- 
opment of  minor  land  forms,  and  these  raniifk  >l  the  climatic 
pattern  will  now  be  considered. 

CLIMATE  AND  VEGETATION 

bince  very  early  times  it  has  been  r      •_         1  that  there  is  a 
relationship  between  vegetation  and  climate,  and  many  terms  have 
come  to  be  used  to  describe  both  climate  and  vegetation.     The  word 
"desert"  calls  to  mind  a  region  which  dry  and  is  char- 

acterized by  sparse  vegetation  peculiarly  adapted  to  arid  conditions. 
51  pe"  is  a  term  at  once  descriptive  of  a  semiarid  climate  and  of 
short-grass  vegetation.  •'Tundra'*  applies  to  those  cold  subarctic- 
lands,  frozen  much  of  the  year,  where  only  mosses,  lichens,  and  occa- 
sional stunted  trees  grow.  Many  other  terms  apply  interchangeably 
to  climate  and  vegetation. 

The  close  identification  of  climate  and  vegetation  is  ^sequence 

of  thousands  of  centuries  of  plant  differentiation  and  adaptation. 
Since  plants  first  appeared  upon  the  earth,  they  have  been  subjected 
to  the  influence  of  climate.  Through  the  ehmination  of  nonadapted 
species  and  through  the  frequent  origin  of  new  forms  'mutants  . 
many  different  types  of  plants  have  become  adapted  to  widely  differ- 
ent climatic  conditions.  Plants  capable  of  witlistanding  prolonged 
drought  have  developed — for  example,  cacti,  with  their  extensive  root 
iis  for  drawing  moisture  from  a  wide  area  and  thick  spiny 
leaves,  which  decrease  transpiration:  junipers,  which  can  witU 
drier  climatic  conditions  than  can  most  conifers;  and  short  gi 
such  as  grama  and  buffal-  _  low  growing  habit  makes 

them  drought-res  compared  with  the  taller,  more  luxuriant 

prairie  gr  p.  98). 
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Because  of  this  adaptation,  each  major  climatic  region  has  a  domi- 
nant vegetation  group  made  up  of  several  plant  species,  each  of  which 
is  adjusted  to  the  climate  of  that  region.  These  groups  constitute 
major  vegetative  units  called  plant  formations.  The  plant  formation 
is  a  product  of  the  climate  and  is  controlled  by  it.  It  is  not  to  be 
thought  that  only  the  plants  making  up  the  formation  are  to  be  found 
in  one  climatic  region.  Other  species  exist.  But  the  members  of 
the  formation  are  dominant  and  are  referred  to  as  the  climax  vegeta- 
tion for  the  region,  since  they  represent  the  highest  plant  develop- 
ment— the  climax — that  will  be  attained  under  the  existing  climatic 
conditions.  Locally  the  climax  may  not  exist  at  all  because  of 
edaphic  (soil)  conditions  or  because  fire  has  destroyed  the  dominant 
vegetation  and  it  has  not  had  sufficient  time  to  become  reestablished. 
Under  such  conditions  it  may  appear  as  though  the  climax  has  been 
reached,  but  the  "only  true  climax  is  the  climatic  climax:  edaphic, 
biotic,  fire,  and  all  other  so-called  climaxes  are  capable  of  partial  or 
complete  explanation  on  the  basis  of  the  climatic  climax"  (if,  p.  240). 

Rain-forest  and  forest  vegetation  represent  the  climax  in  super- 
humid  and  humid  climates;  tall  grass  is  the  climax  in  subhumid 
regions;  short  grasses  (steppe)  are  found  in  semiarid  regions;  and 
desert  grasses  and  shrubs  occur  in  desert  areas.  As  already  noted,  in 
the  taiga  are  found  coniferous  forests,  mainly  of  spruce  and  fir — dense 
stands  along  the  equatorward  border  of  the  province  and  scattered 
stunted  trees  along  the  poleward  margin.  Tundra  is  characterized 
by  the  presence  of  moss,  lichens,  and  sedges.  In  the  climate  of  per- 
petual snow  and  ice,  vegetation  is  absent  since  the  temperature 
remains  below  freezing  throughout  the  year,  except,  perhaps,  for 
occasional  days  during  the  summer.  Here  occur  the  barren  arctic 
and  antarctic  lands,  occupying,  as  in  Greenland  and  Antarctica,  the 
plateau  areas  in  very  high  latitudes. 

A  comparison  between  the  world-climate  map  (fig.  2)  and  the 
world-vegetation  map  (fig.  3)  reveals  the  correspondence  between 
climate  and  vegetation  patterns.  In  the  hot,  superhumid  Tropics 
and  adjacent  portions  of  the  humid  tropical  lands,  rain-forest  vegeta- 
tion occurs.  Rain-forest  conditions,  characterized  by  tall  trees  with 
interlocking  crowns  and  a  dense  understory  of  shrub,  bush,  and  smaller 
trees,  occur  extensively  throughout  the  Amazon  Basin,  the  Congo 
Basin,  along  the  African  Gold  Coast,  and  throughout  the  East  Indies. 
Rain-forest  areas  are  typically  characterized  by  high  precipitation 
and  temperatures  throughout  the  year.  In  the  moderate  and  cool 
superhumid  regions,  on  the  west  coasts  of  continents  in  middle 
latitudes,  the  forest  growth,  though  dense,  is  somewhat  different 
from  true  rain  forest.  Tall  coniferous  stands  with  heavy  crowns 
replace  the  mixed  forests  of  the  hot,  superhumid  regions,  and  the 
understory  does  not  contain  so  many  smaller  trees  and  vines  but 
rather  displays  dense  fern  and  moss  growths. 

With  a  decrease  in  effective  precipitation  but  with  high  tempera- 
tures, the  rain  forest  passes  into  lighter  tropical  forests  such  as  occur 
in  northeastern  Australia  and  in  parts  of  central  America  and  south- 
eastern Africa.  Where  precipitation  totals  remain  high  but  the  rainfall 
assumes  a  markedly  seasonal  aspect  with  a  dry  season  of  appreciable 
length,  the  rain  forest  grades  into  savanna.  Near  the  rain-forest 
areas  this  is  of  the  parkland-savanna  type.     As  the  rainfall  becomes 
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more  strongly  seasonal  in  character  and  the  total  amount  decreases, 
the  subhumid  areas  of  the  true  savanna  grassland  are  reached.  Such 
areas  are  extensively  developed  in  southeastern  Brazil  and  northern 
Australia  and  in  a  wide  belt  across  Africa  about  10°  north  of  the 
Equator  from  the  Atlantic  to  the  Indian  Ocean.  In  south-central 
Africa  and  southern  India  and  in  the  plateau  area  of  eastern  Brazil, 
scrub  forest  is  found  which  does  not  seem  to  represent  the  true  climax 
since  it  occurs  in  subhumid  areas  typically  characterized  by  herbaceous 
vegetation.  These  scrub  and  thorn  areas  are  so  widespread,  how- 
ever, that  on  any  world  map  of  vegetation  they  deserve  recognition  as 
a  distinct  vegetative  type. 

The  progressive  change  in  vegetative  types  from  warm  to  cool 
climates  is  well  exemplified  by  the  banding  of  vegetation  in  the 
United  States.  In  the  eastern  part  of  the  country  are  the  deciduous, 
coniferous,  and  mixed  forests  which  occupy  the  regions  of  humid 
climate.  Westward,  in  the  subhumid  zone,  are  the  prairie  grass- 
lands. Still  farther  westward,  in  the  semiarid  plains,  are  found  the 
short  steppe  grasses,  and  these  grade  into  the  desert  shrubs  and 
grasses.  In  the  Rocky  Mountain  area  and  throughout  the  Sierra 
Nevada  and  the  Coast  Ranges  increased  precipitation  effectiveness 
largely  resulting  from  increased  elevations  is  associated  with  the 
occurrence  of  forest  vegetation,  mainly  coniferous.  Along  the  Cali- 
fornia coast  and  in  the  Interior  Valley  are  found  Pacific  bunchgrass 
and  chaparral,  which  are  characteristic  of  subhumid  climatic  regions 
having  dry  summers  and  wet  winters. 

The  world-vegetation  map  illustrates  how  this  same  banding  is  ex- 
emplified over  the  earth.  From  humid  to  arid  regions,  the  vegetation 
changes  from  forest,  through  prairie  and  steppe,  to  desert.  This 
sequence  is  displayed,  for  example,  inland  from  Chosen  (Korea)  and 
from  the  coastal  area  of  southeastern  Australia  or  southeastern  Africa. 

The  three  principal  high-latitude  climatic  types — taiga,  tundra,  and 
climate  of  perpetual  frost — are  best  developed  in  Eurasia  and  North 
America.  Although  the  actual  moisture  in  the  ground  is  abundant  in 
these  areas  it  remains  largely  unavailable  to  plants  since  it  is  frozen 
throughout  much  of  the  year.  As  a  result  only  the  warmest  of  these 
three  climatic  provinces,  the  taiga,  is  capable  of  supporting  tree 
growth,  and  it  is  largely  limited  to  conifers  such  as  the  spruce  and  fir, 
which  are  capable  of  withstanding  physiological  drought. 

CLIMATE  AND  SOILS 

The  part  played  by  climate  in  soil  genesis  and  the  consequent  cli- 
matic influence  on  soil  distribution  was  first  brought  out  by  Doku- 
chaiev,  Sibertsev,  and  Glinka  (3)  in  Russia,  and  by  Hilgard  (5)  in  the 
United  States.  The  principles  they  developed  in  the  latter  part  of 
the  last  century  were  taken  up  and  further  elaborated  by  later  work- 
ers, including  Ramann  in  Germany  (19)  and  Marbut  in  the  United 
States  (13).  Studies  conducted  by  these  men  and  others  clearly 
show  that  the  major  differences  between  soils  are  due  to  the  effect  of 
climate  operating  through  soil-forming  processes.  It  is  true  that 
locally  the  nature  of  the  underlying  rock,  peculiarities  in  drainage 
conditions,  or  unusual  vegetative  conditions  may  outweigh  climatic 
factors  in  influencing  soil  character,  but  the  distribution  of  the  great 
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soil  groups  can  be  best  interpreted  in  climatic  terms.  This  is  partly 
due  to  the  direct  influence  of  climate  on  soil  formation  and  partly  to 
the  fact  that  soils  are  strongly  influenced  b\T  vegetation,  which  in  turn 
is  related  to  climate. 

The  recognition  of  the  importance  of  climate  in  soil  genesis  led  soil 
scientists  to  investigate  the  relationship  between  climatic  conditions 
and  the  distribution  of  soils  of  various  kinds.  In  1893  Hilgard  (5), 
realizing  that  the  amount  of  precipitation  as  compared  with  the 
amount  of  evaporation  was  of  critical  significance,  emphasized  the 
existence  of  a  climatic  boundary  along  which  the  effect  of  precipitation 
was  balanced  by  the  effect  of  evaporation.  This  boundary,  which 
lies  between  the  moist  and  dry  subhumid  climates  (not  differentiated 
on  the  generalized  climatic  map  in  fig.  2),  divides  the  humid  soils 
from  the  arid  soils.  The  humid  soils  (Pedalfers),  formed  under 
climates  in  which  the  precipitation  exceeds  the  evaporation,  are 
leached  soils — that  is,  the  predominantly  downward  movement  of 
water  has  removed  material  from  the  top  zone  into  lower  zones. 
Arid  soils  (Pedocals),  on  the  other  hand,  are  characterized  by  car- 
bonate accumulation  at  or  within  a  few  feet  of  the  surface  resulting 
from  the  comparatively  small  downward  percolation  and  the  up- 
ward movement  of  water  which  evaporates  from  the  soil  and  deposits 
basic  salts 

The  effective  precipitation  (that  is,  precipitation  minus  evapora- 
tion) has  an  effect  not  only  on  the  amount  of  leaching  but  also  on  the 
acidity,  the  nitrogen  content,  and  the  amount  of  fine  clay  minerals 
or  colloids  present  in  the  soil  (9,  10).  Increased  effective  precipita- 
tion is  associated  with  increased  acidity  and  nitrogen  content,  con- 
centration of  clay  minerals,  and  decreased  carbonate  accumulation. 

Temperature  as  well  as  precipitation  is  an  important  factor  in  soil 
distribution.  A  great  variety  of  alteration  products  can  be  formed 
only  under  high  temperatures.  Thus  with  an  increase  in  temperature 
there  is  an  increase  in  chemical  weathering.  In  addition,  the  rate  of 
accumulation  of  organic  matter  in  the  soil  tends  to  increase  with 
increase  in  temperature  (20).  This  relationship  is  frequently  masked 
by  the  more  important  influence  which  vegetation  has  on  organic- 
matter  content.  Grasses  yield  more  humus  than  does  a  forest  cover, 
and  maximum  organic-matter  content  is  therefore  found  in  warm 
subhumid  areas. 

Vegetation  is  also  of  great  significance  in  its  effect  on  the  mineral 
content  of  the  soil.  In  northern  coniferous  forests,  leaf  fall  consti- 
tutes the  principal  source  of  humus,  and  this  kind  of  leaf  litter,  being 
low  in  mineral  constituents,  leads  to  the  formation  of  a  highly  acid, 
peaty  surface  layer.  In  a  deciduous  forest  the  leaf  fall  is  higher  in 
mineral  matter,  and  mineral  compounds  are  added  from  plants 
covering  the  forest  floor,  so  that  a  more  nearly  neutral  humus  is 
formed.  The  highest  mineral  accretions  to  the  soil  from  plants  are 
realized  under  grassland  conditions  where  plants  are  high  in  mineral 
content  and  where  their  disintegration  both  below  and  above  the 
surface  insures  the  dissemination  of  this  mineral  matter  throughout 
the  upper  portion  of  the  soil  mass. 

In  studying  soils  and  relating  soil  conditions  to  such  fields  as 
agriculture  it  is  convenient  to  use  a  classification  of  some  sort.  Most 
classifications  rest  primarily  on  distinctions  made  on  the  basis  of  the 
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physical  ond  chemical  properties  of  the  soil  as  they  occur  in  the 
different  horizons.  The  differentiation  of  soil  horizons  through 
leaching  or  through  carbonate  accumulation  causes  the  soils  to  possess 
distinctive  profile  characteristics  which  are  of  marked  practical 
significance.  The  soils  of  the  world  have  been  classified  on  such  a 
basis,  and  10  principal  world  groups  can  be  distinguished.5 

Conditions  of  excessive  precipitation  resulting  in  leaching  have 
produced  the  humid  soils  or  Pedalfers,  the  chief  types  of  which  are 
la t  critic  soils,  Red  and  Yellow  Podzolic  soils,  Gray-Brown  Podzolic, 
Podzols,  and  the  Prairie  soils,  which  include  degraded  Chernozems. 
The  arid  soils,  or  Pedocals,  which  are  predominantly  influenced  by 
evaporation,  include  the  Chernozem,  Chestnut,  and  Brown  soils,  and 
the  Sierozem  and  Desert  soils.  Tundra  soils  are  classed  separately  as 
a  waterlogged  type,  the  ground  under  tundra  climatic  conditions 
remaining  saturated  throughout  most  of  the  year.  In  the  climate  of 
perpetual  snow  and  ice  there  is  little  or  no  soil  differentiation  beneath 
the  snow-ice  cover;  hence  these  soils  also  fall  outside  the  general 
division  of  Pedalfer  and  Pedocal  groups.  The  distribution  of  the 
great  soil  groups  over  the  earth  is  given  in  figure  4.  The  close  corre- 
spondence with  the  distribution  of  climate  and  natural  vegetation 
may  be  seen  by  comparing  this  map  with  figures  1  and  2. 

The  process  of  podzolization,  which  assumes  an  important  role  in 
the  genesis  of  all  of  the  humid  soils,  varies  directly  with  the  precipita- 
tion effectiveness.  The  essential  features  of  podzolization  are  the 
accumulation  of  an  acid,  peaty  top  (A00  and  A0)  horizon,  the  leaching  of 
materials  from  the  horizon  just  below  the  surface  (Ax  and  A2),  and  the 
concentration  through  leaching  of  iron  and  aluminum  compounds  in 
the  lower  (B)  horizon,  sometimes  accompanied  by  the  deposition  in 
this  lower  horizon  of  organic  material  as  well  (2,  p.  972).  In  the  taiga 
climate  and  in  the  colder  parts  of  the  humid  and  wet  regions  the  pre- 
cipitation effectiveness  is  high  and  the  comparatively  low  temperatures 
prohibit  extreme  alteration  of  leached  material,  so  that  in  these  regions 
the  podzol  profile  is  particularly  well  developed.  True  Podzols  of  this 
type  are  found  throughout  most  of  southern  Canada,  in  New  England 
and  the  Lake  States,  and  in  central  Russia  and  southern  Siberia, 
usually  associated  with  coniferous  forests.  They  are  for  the  most  part 
absent  in  the  Southern  Hemisphere  except  at  high  elevations,  since 
land  masses  in  that  hemisphere  do  not  extend  sufficiently  far  south  to 
produce  the  requisite  climatic  conditions. 

A  soil  group  closely  affiliated  with  the  true  Podzols,  the  Gray- 
Brown  Podzolic  soils,  occupies  the  humid  and  superhumid  climatic 
regions  where  temperatures  are  higher  than  in  the  Podzol  zone.  The 
Gray-Brown  Podzolic  soils  are  not  so  acid  as  the  Podzols  and  seldom 
display  a  marked  zone  of  concentration  of  organic  matter.  Like  the 
Podzols,  they  are  formed  under  forest  conditions,  but  under  deciduous 
and  mixed  forest  stands.  They  are  found  in  areas  contiguous  to  the 
Podzol  belts,  principally  in  the  northeastern  part  of  the  United  States, 
throughout  much  of  central  Europe,  and  in  northeastern  China. 

The  R<>d  and  Yellow  Podzolic  subtropical  soils  and  the  lateritic 
soils  fall  naturally  into  the  same  general  class  since  they  have  both 

'Only  the  zonal  soil  groups  are  treated  here.  In  addition  there  are  intrazonal  soils,  which  are  strongly 
influenced  by  factors  other  than  climate  and  vegetation.  Such,  for  example,  are  Rendzina  soils,  developed 
on  limestone  and  markedly  influenced  by  it.  There  are  also  azonal  soils,  which  do  not  display  profile 
differentiation.    Of  these,  the  alluvial  soils  are  the  most  important  to  agriculture. 
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been  subjected  to  the  process  of  laterization.  This  process,  which  is 
associated  with  high  precipitation  causing  leaching  and  with  high 
temperatures  conducive  to '  extreme  chemical  alteration,  tends  to 
result  in  the  removal  of  silica  from  the  top  horizons  and  the  formation 
of  silicious  clays  underneath.  The  high  temperatures  favor  the 
rapid  decomposition  of  organic  matter,  which  makes  these  soil  groups 
poor  in  organic  matter  and  generally  low  in  productivity.  The  Red 
and  Yellow  subtropical  soils  are  in  general  less  acid  and  more  fertile 
than  the  tropical  lateritic  soils,  podzolization  being  greater  in  the  Red 
and  Yellow  groups,  which  are  also  characterized  by  less  strong  later- 
ization. Red  and  Yellow  Podzolic  soils  are  the  middle-latitude 
representatives  of  the  general  lateritic  group,  from  which  they  differ 
somewhat  because  they  were  formed  under  more  moderate  tempera- 
ture conditions. 

On  the  dry  side  of  the  other  members  of  the  Pedalfer  group  occur 
the  Prairie  soils  and  degraded  Chernozems,  occupying  the  moist 
portion  of  the  subhumid  climatic  province.  Fluctuations  of  climatic 
boundaries  from  year  to  year  result  in  occasional  invasions  of  semiarid 
and  even  arid  climates  into  this  zone,  which  on  the  average  is  sub- 
humid;  so  it  is  not  surprising  that  these  soils,  though  not  truly  arid, 
frequently  contain  free  lime  (calcium  carbonate),  particularly  in  the 
lowest  (C)  horizon.  In  addition,  the  clays  themselves  in  the  B 
horizon  usually  are  high  in  calcium  even  though  no  free  lime  is  present 
(2).  The  Prairie  and  degraded  Chernozem  soils  are  classed  with  the 
humid  soils  because,  although  they  contain  calcium,  they  are  suffi- 
ciently leached  to  show  that  some  podzolization  has  occurred.  They 
are  very  fertile  and  only  slightly  acid.  Prairie  soils  and  degraded 
Chernozems  are  found  principally  in  the  western  part  of  the 
Corn  Belt  of  North  America  and  in  east-central  Europe,  central 
Africa,  northeastern  Australia,  and  Uruguay  and  adjacent  parts  of 
Argentina. 

Among  the  arid  soils  or  Pedocals  the  Chernozems  are  found  in  the 
dry  part  of  the  subhumid  zone.  On  the  dry  side  of  the  Chernozems 
lie  the  Chestnut  and  Brown  soils,  occupying  the  semiarid  area, 
while  the  most  arid  zone — the  desert — is  characterized  by  Sierozems 
and  Desert  soils.  With  increase  in  aridity  there  is  an  increase  in 
alkalinity,  so  that  while  the  Chernozems  are  about  neutral  in  reaction 
the  Chestnut  and  Brown  soils  are  basic  and  the  Sierozems  even  more 
so.  Lime,  which  in  the  Chernozems  occurs  in  the  free  state  only 
deep  in  the  soil  horizon,  is  found  in  the  B  horizon  in  the  Chestnut  and 
Brown  soils  and  may  occur  within  a  few  inches  of  the  surface  or 
actually  at  the  surface  in  the  case  of  the  Sierozem  and  Desert  soils. 
The  progressive  decrease  in  leaching  as  the  effective  precipitation 
decreases  is  responsible  for  these  contrasts,  since  the  greater  the 
leaching  the  lower  the  mean  depth  to  which  the  lime  is  carried  by 
downward-percolating  waters.  Combined  with  this  change  in  precipi- 
tation effectiveness  the  change  in  nature  of  the  vegetation  results  in  a 
decrease  in  organic  matter  progressing  from  the  Chernozems  through 
the  Chestnut  and  Brown  soils  into  the  Sierozem  and  Desert  group. 
The  Chernozems  themselves  are  highly  productive,  being  very  high  in 
organic  matter  and  neutral  in  reaction.  Productivity  is  lower  in  the 
( 'h  est  mil  and  Brown  soils  and  still  lower  in  the  Sierozem  and  Desert 
soils,  but  this  is  a  reflection  of  decrease  in  rainfall  and  not  of  soil 
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fertility.     Desert    soils,    when    properly    irrigated    and    drained,    fre- 
quently prove  to  be  highly  productive. 

The  typical  distribution  of  the  arid  soils  in  bands  is  well  exem- 
plified in  North  America,  where  the  Chernozems  of  the  eastern  Wheat 
Belt  grade  into  the  Chestnut  and  Brown  soils  of  the  High  Plains, 
which  in  turn  give  way  to  the  Sierozems  and  Desert  soils  of  the  Great 
and  the  arid  Southwest.  The  same  banding  is  displayed  in 
concentric  form  around  most  of  the  great  desert  areas  of  the  world — 
the  Sahara,  the  Kalahari  Desert  in  southwest  Africa,  the  Thar  in 
northwest  India,  the  Great  Australian  Desert,  and  tin-  Mongolian 
Desert  of  interior  China. 
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Poleward  from  the  Podzol  soils  lie  the  waterlogged  Tundra  soils. 
Peaty  and  acid,  frozen  throughout  most  of  the  year,  largely  un- 
differentiated, these  soils  are  of  low  productivity  and  minor  economic 
significance.  During  a  month  or  two  in  the  summer  the  upper  soil 
horizon  thaws,  and  cultivation  can  be  practiced,  but  the  growing 
season  is  so  short  that  extensive  cultivation  is  not  carried  on  anywhere 
in  the  tundra  belt.  In  the  arctic  and  antarctic  lands  of  snow  and  ice 
which  lie  on  the  poleward  side  of  the  tundra,  no  vegetation  at  all  can 
be  supported  so  that  perpetually  frozen  soils  are  entirely  without 
agricultural  significance. 

The  correspondence  between  climate,  natural  vegetation,  and  soils  is 
brought  out  diagrammatically  in  figure  5.  From  left  to  right  in  each 
diagram  climate  varies  from  dry  to  wet,  and  from  top  to  bottom  it 
varies  from  cold  to  hot. 

CLIMATE  AND  WEATHERING 

Through  the  action  of  climatic  forces,  notably  precipitation,  tem- 
perature, and  wind,  the  rocks  and  rock  materials  at  or  below  the  earth's 
surface  are  fragmented  and  altered.  This  weathering  is  intimately 
related  to  erosion,  since  it  prepares  materials  for  removal  through 
the  action  of  running  water,  glaciers,  and  wind.  It  is  also  closely 
associated  with  soil  characteristics,  since  soil  in  its  first  stages  of 
formation  is  simply  a  product  of  weathering. 

It  has  been  customary  to  recognize  three  principal  types  of  weather- 
ing— physical,  chemical,  and  biological.  These  types  are  interrelated. 
Physical  weathering,  which  results  in  the  fragmentation  of  rock  with- 
out chemical  alteration,  makes  it  possible  for  chemical  processes  to 
operate  with  greater  effectiveness,  since  more  total  rock  surface  is  ex- 
posed because  of  the  smaller  pieces.  Chemical  changes  alter  the  rego- 
lith — the  mantle  of  loose  material  overlying  the  solid  rock  beneath — 
and  this  in  turn  affects  the  amount  of  surface  exposed  to  the  action  of 
physical  forces.  Biological  weathering,  such  as  the  disrupting  of  rock 
through  root  penetration  and  the  pitting  of  rock  through  the  action  of 
lichens,  tends  to  influence  both  the  chemical  and  physical  phases  of  the 
total  weathering  complex.  In  addition  it  is  impossible  to  understand 
chemical  alterations  without  considering  the  action  of  such  micro- 
organisms as  nitrogen-fixing  bacteria  (nitrobacters),  fungi,  and  algae. 

Physical  weathering  includes  the  splitting  of  rock  in  thin  layers 
(exfoliation)  through  heating  and  cooling ;  disruption  of  rock  surfaces 
and  regolith  through  frost  action ;  abrasion  through  sand  blast  and  by 
particles  carried  in  running  water ;  breaking  of  rock  due  to  ice  forma- 
tion in  crevices  and  interstices ;  and  rock  plucking  at  the  head,  sides, 
and  base  of  glaciers.  Chemical  weathering,  which  involves  hydration, 
solution,  oxidation,  reduction,6  and  carbonization,  occurs  significantly 
only  in  the  presence  of  water  and  increases  with  an  increase  in  tempera- 
ture. The  same  is  true  of  microbiologic  activity.  Hence  in  dry 
areas  and  in  very  cold  ones  physical  weathering  is  far  more  important 
than  either  chemical  or  biological  weathering;  whereas  in  moist,  hot 
regions  conditions  are  most  favorable  for  chemical  and  biologic  altera- 
tion, and  physical  weathering  is  of  less  significance. 

*  F.re^uen.tly  reduction  is  not  considered  as  being  an  important  part  of  chemical  weathering,  but  as  Poly- 
nov  (18)  points  out,  it  may  attain  considerable  importance  even  where  unassociated  with  the  activity  of 
Such  micro-organisms  as  Bacterium  coli. 
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The  greater  the  effective  precipitation  and  the  higher  the  tempera- 
ture efficiency,  the  greater  the  amount  and  degree  of  chemical  weather- 
ing, while  with  a  constant  decrease  in  either  or  both  of  these  factors 
physical  weathering  assumes  greater  and  greater  importance.  The 
forms  of  weathering,  then,  like  the  vegetation  and  soil  characteristics, 
are  primarily  associated  with  temperature  and  precipitation. 

CLIMATE,  NATURAL  EROSION,  AND  MINOR 
LAND  FORMS 

The  variation  in  the  natural  landscape  from  one  climatic  region  to 
another  is  a  reflection  of  gross  differences  in  the  effectiveness  of  various 
forces  that  strip  or  denude  the  surface.  Streams,  waves,  ground  water, 
sheet  wash,  frost,  winds,  and  glaciers  are  the  agents  which  participate 
in  the  leveling  of  the  land  surface.  In  opposition  to  these  one  must 
place  the  forces  that  thrust  up  rock  and  other  formations  (tectonic 
forces),  volcanic  activity  (vulcanism),  and  the  action  of  winds  and 
glaciers.  These  are  the  agents  responsible  for  the  formation  of  positive 
relief  features. 

The  agents  of  denudation  act  in  a  variety  of  ways  in  molding  the 
natural  landscape.  It  is  necessary  only  to  consider  briefly  those 
forces  the  importance  of  which  depends  on  climate.  Thus  wave  action 
may  be  eliminated  from  consideration,  although  in  a  certain  sense  it  is 
true  that  the  character  of  coastal  climates  does  have  an  effect  on  the 
intensity  and  effectiveness  of  waves  in  promoting  erosion. 

Virtually  all  erosion  occurs  through  the  action  of  running  water, 
through  mass  movement,  as  a  result  of  wind,  or  in  association  with 
glacial  movement.  These  four  categories  include  the  work  of  all  the 
agents  mentioned  above.  Running  water  includes  stream  action, 
sheet  wash,  and  ground-water  flow.  Mass  movement  is  the  general 
term  applied  to  soil  flow  (solifluction),  soil  creep,  rock  creep,  mudflow, 
soil  slump,  rockslide,  and  subsidence  over  mines,  caverns,  etc.  Scour- 
ing, dune  building,  wind  sculpturing,  and  general  soil  mixing  are  the 
chief  results  of  wind  action.  Glaciers  are  responsible  for  the  formation 
of  deposits  such  as  moraines,  rock  plucking  as  in  the  formation  of 
circular  hollows  on  mountainsides  (called  cirques  or  corries),  scouring, 
and  the  transport  of  debris  and  soil. 

Figure  6  brings  out  how  the  effectiveness  of  running  water,  mass 
movement,  wind,  and  glaciers  varies  with  differences  in  temperature 
and  precipitation  effectiveness.  These  diagrams  are  meant  only  to 
present  the  general  relationship  and  should  not  be  interpreted  in  a 
strictly  quantitative  manner.  The  diagram  in  figure  6,  A,  shows  the 
variation  in  the  effectiveness  of  these  four  types  of  denudation  with  a 
variation  in  temperature,  where  the  effective  precipitation  remains 
constant  and  relatively  high — equal,  approximately,  to  that  of  the 
southeastern  part  of  trie  United  States.  Running  water  becomes  less 
and  less  important  as  the  temperature  decreases,  since  with  a  decrease 
in  temperature  the  period  of  freezing  temperatures  increases  in  length. 
Mass  movement  remains  an  important  mechanism  throughout  the 
entire  thermal  range  except,  perhaps,  for  the  very  lowest  portion  of 
the  scale.  At  the  warm  end  of  the  scale,  soil  slumping  is  the  principal 
mass-movement  type;  at  the  cold  end  of  the  range,  solifluction  be- 
comes significant;  and  for  intermediate  values,  soil  creep  as  related 
to  frost  and  ice  action  becomes  highly  significant   {22).     It  will  be 
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Fk;i  re  6. — The  variation  in  importance  of  the  principal  denudational  processes:  A, 
Variations  in  thermal  efficiency;  B,  Variations  in  precipitation  effectiveness. 

noted  that  wind  has  relatively  little  influence  where  effective  precipi- 
tation is  high.  Principally  this  is  because  under  hot  and  warm  con- 
ditions with  no  deficiency  in  effective  precipitation,  the  ground  surface 
is,  in  a  natural  state,  well  piotected  by  vegetation,  whereas,  with  very 
low  temperatures,  frozen  ground  and  snow  cover  both  aid  in  protecting 
the  land  surface  against  wind  erosion.  Glacial  action  becomes  sig- 
nificant only  at  temperature  values  below  freezing — although  some 
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glaciers  are  encountered  higher  up  on  the  temperature  scale.  One 
may  obtain  a  general  idea  of  the  varying  rates  of  denudation  for  differ- 
ent temperatures  by  considering  the  varying  height  of  the  diagram 
shown  in  figure  6.  A.  There  can  be  no  doubt  that  there  is  a  deci 
in  the  total  amount  of  denudation  in  a  given  period  of  time  from  areas 
of  high  to  those  of  low  thermal  efficiency.  Quantitative  data.  how 
are  not  available:  hence  the  diagram  is  highly  schematic. 

Just  as  there  are  differences  in  the  rate  of  erosion  and  in  the  im- 
portance of  various  types  of  denudation  with  a  variation  in  ten. 
ture.  so  are  there  such  differences  with  variations  in  preeipr 
effectiveness.  if  temperature  is  constant.     Figure  6.  B.  indieat   - 
general  nature  of  this  variation  when  the  temperature  conditions  are 
constant  and  lie  near  the  center  of  the  mesothermal  range.     It  is 
evident  that  erosion  through  running  water  will  decrease  as  precipi- 
tation becomes  less.     Similarly,  mass  movement  will  become  Less 

—     ffeetive.  for  water  in  either  the  liquid  or  the  solid  state  is 
important  element  in  the  mass-movement  mechanism,  and  in  arid 
regions  mass  movement  is  restricted  to  rockslides.    The  effectiveness 
of  wind,  however,  varies  inversely  with  precipitation  effectives  — 
indicated  in  the  diagram.    As  the  effective  precipitation  dee:     -  -    - 
in  general  does  the  density  of  the  natural  vegetation,  and  the  exposure 
of  the  soil  makes  it  possible  for  wind  to  work  with  maximum  efficiency. 
That  glaciers  do  not  enter  this  second  diagram  is  explained  by  the 
fact  that  mesothermal  conditions  are  represented. 

As  figure  6.  B.  shows,  the  variation  in  total  denudation  as  effective 
precipitation  changes  does  not  parallel  the  variation  resulting  from 
temperature  differences  (fig.  6.  A  .  More  erosion  will  occur  in  dry 
climates,  with  very  low  precipitation  effectiveness,  than  in  cold 
climates,  with  very  low  thermal  values:  and  the  same  is  true  where 
the  values  are  very  high    in  moist  climates  and  hot  climates1).     It 
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would  be  erroneous,  however,  to  conclude  from  this  that  precipitation 
efficiency  is  more  significant  than  temperature  in  influencing  denuda- 
tion processes. 

Low  values  of  either  temperature  or  effective  precipitation  result  in 
low  rates  of  denudation.  This  accounts  for  the  general  similarity  in 
local  relief  between  polar  and  arid  regions,  as  noted  by  A.  Penck  \l6) 
and  others.  The  fact  that  erosional  forces  are  not  particularly  active 
means  that  in  these  areas  there  are  sharp  breaks  hi  relief,  for  tectonic 
displacements  of  the  earth's  crust  are  not  readily  leveled  but  are 
long  perpetuated  as  surface  expressions.  Cliff  walls  are  common  in 
desert  and  polar  regions  alike  (figs.  7  and  8);  small  plateaus — ero- 
sional remnants — are  likewise  typical  of  both  polar  and  arid  regions; 
the  hammada  (plateau  of  stones)  of  the  desert  finds  a  rough  counter- 
part in  the  Blockmeere  (rock  streams)  of  the  cold  climates;  the  broad 
valleys  without  external  drainage  (bolsons)  and  the  alluvial  fans  of 
arid  basins  resemble  in  form  the  stone  fields  and  rock-debris  slopes 
of  the  tundra  (6). 

But  although  in  broad  outline  these  two  climatic  regions  are  alike 
with  respect  to  land  forms,  there  are  numerous  important  minor 
differences.  Wind,  which  is  far  more  significant  in  desert  than  in 
polar  regions,  is  responsible  in  arid  lands  for  the  formation  of  dunes, 
the  scouring  of  dry  basins  (playas) ,  the  carving  of  solid  rock  through 
sand  blast,  and  the  development  of  "desert  pavement."  In  polar 
climates  the  wind  can  seldom  attack  the  surface  with  any  degree  of 
effectiveness,  because  the  ground  is  usually  frozen  or  protected  with 
snow  and  the  wind  is  not  provided  with  sand  particles  which  can  be 
used  as  blasting  tools.  On  the  other  hand,  solifluction  and  glacial 
action,  which  are  so  characteristic  of  tundra  and  climates  of  per- 
petual frost,  are  absent  in  arid  regions;  so  that  such  minor  land  forms 


FlGl  RE  8.— Subarctic  landscape,  Yukon  Territorv.  Canada.     The  rock -strewn  surface, 
angular  profiles,  and  steeply  sloping  debris  fans  bear  a  strong  outward  resemblance 

tO   desert  forms   a«  snnwn   in    finriii>4>   7 


to  desert  forms  as  shown  in  figure  7 
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Figure  9- — Humid  landscape,  western  Maryland.  >sote  the  gently  rounded  slopes, 
as  contrasted  with  the  angular   slopes   of  desert  and  subarctic   landscapes,  figures  7 

and  8. 

as  cirques  and  moraines,  while  occurring  in  cold  climates,  are  not  to 
be  found  in  arid  regions  unless,  indeed,  they  date  back  to  earlier, 
colder  times. 

Whereas  the  desert  and  polar  regions  are  characterized  by  a  land- 
scape with  angular  breaks,  steep  slopes,  and  flat  plains  and  plateaus, 
the  warm  humid  regions  of  the  earth  where  denudation  is  proceeding 
at  a  maximum  rate  are  typically  regions  of  gently  rolling  slopes  well 
covered  with  vegetation  (fig.  9).  A  fine  network  of  streams  and  the 
gradual  movement  of  soil  particles  downhill  soon  obliterate  surface 
breaks  caused  by  faults  or  sharp  folds.  The  vegetation  protects  the 
land  against  the  scouring  action  of  the  winds,  and  the  temperatures 
are  too  high  for  the  formation  of  glaciers.  Thus  regions  of  warm  and 
hot  climates  display  a  natural  landscape  markedly  different  from 
that  of  arid  or  polar  regions. 

CLIMATE  AND  ACCELERATED  EROSION 

Under  natural  conditions  there  is  a  tendency  for  a  balance  to  be 
maintained  between  the  soil-forming  and  the  soil-eroding  forces. 
Where  rainfall  is  most  abundant,  surface  waters  are  most  extensive 
and  stream  networks  are  the  finest.  But  under  these  conditions 
vegetation  is  also  most  abundant,  and  the  protection  it  affords  against 
erosion  through  the  action  of  running  water  acts  as  a  check  against 
-ive  gullying  and  sheet  wash.  Toward  the  drier  regions  there  is 
a  decrease  in  the  degree  of  protection  afforded  by  the  vegetation,  but 
there  is  a  corresponding  decrease  in  the  amount  and  intensities  of 
rainfall  so  that  an  approximate  balance  is  ^ t ill  maintained.  Even  in 
sparsely  vegetated  desert  area-  soils  are  formed  and  maintained 
under  natural  conditions,  particularly  in  basins  and  depressions  and 
along  the  flood  plains  of  rivers  which  rise  in  adjacent  wet  or  humid 
regions  and  flow  through  the  desert  lands. 

Xor  do  winds  or  glaciers  normally  cause  great  soil  was  In  all 

but  desert  region-  vegetation  serves  to  protect  the  soil  agah 
through  blowing.     Glaciers,  which  are  active  only  in  bjgh  latitude- 
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and  at  high  elevations,  affect  only  a  relatively  small  portion  of  the 
land  surface  of  the  world  at  present  and  are  operative  only  in  scouring 
and  moving  soils  which,  because  they  are  frozen,  would  be  largely 
imtillable  in  any  case. 

The  natural  balance  between  soil  erosion  and  soil  formation  is 
upset,  however,  when  cultural  modifications  are  introduced.  Erosion 
takes  place  at  an  accelerated  rate,  and  since  the  rate  of  soil  formation 
is  not  similarly  accelerated,  excessive  soil  wastage  occurs.  The  clear- 
ing of  land  for  agriculture  both  removes  natural  checks  to  erosion  and 
impedes  the  processes  of  soil  regeneration.  Rain  waters  coursing 
down  a  hillside  are  enabled  to  operate  more  effectively  on  fallow 
ground  or  on  land  which  is  only  partially  protected  by  crops.  Wind, 
which  under  natural  conditions  would  be  ineffectual  in  causing  the 
widespread  blowing  of  soils,  is  provided  with  bare  surfaces  upon  which 
to  work.  And  the  lack  of  natural  vegetation  deprives  the  soil  of  an 
abundant  source  of  organic  matter  as  it  is  usually  only  partially 
replaced  through  the  planting  of  crops.7 

The  form  which  accelerated  erosion  assumes  and  the  extent  to 
which  it  occurs  are  closely  related  to  the  climatic  conditions  and  to 
the  nature  of  the  soil.  Adjustments  in  cropping  practices  made  to 
minimize  erosion  losses  must  be  based  on  an  understanding  of  the 
climatic  and  soil  conditions  which  determine  the  erosion  hazard. 
Since  there  is  a  correspondence  between  the  broad  climatic  regions 
and  the  principal  soil  provinces,  these  erosion  hazards  can  be  defined 
as  they  apply  to  each  climatic  region.  In  each  such  region  the  clearing 
of  land  for  cultivation  results  in  the  creation  of  different  erosion  haz- 
ards, both  as  to  the  types  of  accelerated  erosion  which  are  apt  to  occur 
and  as  to  their  intensity  (1). 

In  the  superhumid  climates  both  the  intensity  and  the  amount  of 
rainfall  are  high.8  Gullying,  sheet  wash,  trenching,  and  siltation 
therefore  constitute  the  principal  erosion  hazards.  The  lateritic 
soils  of  the  wet  climatic  regions  are  characterized  by  deep  clays  which 
are  highly  resistant  to  erosion.  But  the  topsoil,  comparatively  low 
in  organic  matter,  is  not  resistant  and  can  be  easily  sluiced  away. 

In  the  humid  climates  the  intensity  and  amount  of  rainfall  are 
highest  in  the  equatorward  regions,  decreasing  poleward.  Gullying 
and  sheet  wash  are  therefore  more  serious  in  the  warm  humid  regions, 
such  as  the  southeastern  United  States,  than  in  the  cool  parts  of  the 
humid  areas,  such  as  New  England.  In  the  cooler  humid  climates  the 
prevalence  of  snow  during  the  winter  leads  to  the  existence  of  a  flood 
hazard,  which  is  accentuated  by  deforestation.  In  addition,  frost 
action  in  these  areas,  which,  particularly  on  unprotected  sod,  results 
in  soil  heaving,  promotes  the  mass  movement  of  materials  downslope. 
The  Rod  and  Yellow  Podzolic  soils  of  the  warm  humid  climates  have 
a  deep  clay  B  horizon  which  does  not  readily  erode;  but  once  this  clay 
horizon  has  boon  removed,  the  rate  of  downward  gully  cutting  may 
increase  enormously,  and  extensive  areas  may  be  laid  waste  within  a 

\  ii  exception  to  this  statement  may  be  pointed  out.  Where  forests  are  cleared  and  close-growing  grasses 
arc  planted,  the  supply  of  organic  matter  for  soil  replenishment  is  increased,  and  after  a  considerable  period 
(,f  "'!?''  this  increase  is  reflected  in  an  increase  in  the  organic  matter  in  the  soil. 

■  I  be  highest  24-hour  rainfall  intensities  in  the  world  probably  occur  in  the  subtropical  areas  which,  be- 
cause of  their  seasonal  distribution  of  precipitation,  are  classed  as  being  humid.  Thus  at  Crohamhurst. 
Australia,  35.7  Inches  of  rain  has  fallen  in  24  hours,  while  at  Baguio,  P.  I.,  46.0  inches  in  24  hours  has  been 
recorded  (S).  However,  ntensities  in  the  superhumid  climates  are  generally  higher  than  in  the  humid 
ones,  with  the  exception  of  those  superhumid  climates  occurring  in  high  middle  latitudes  on  the  west  coasts 
of  continents.     In  these  west-coast  areas  intensities  are  low  to  moderate 
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few  years  (7).  The  Podzols  and  Gray-Brown  Podzolic  soils  are  not 
so  resistant  as  the  Red  and  Yellow  soils,  but  since  they  occur  in  areas 
where  rainfall  intensities  are  lower  and  since  in  the  winter  they  are 
protected  from  erosion  through  freezing,  not  so  much  gullying  and 
sheet  washing  is  apt  to  occur. 

The  soils  of  subhumid  regions,  formed  under  tall-grass  conditions, 
are  generally  high  in  organic  matter,  particularly  in  the  warm  sub- 
humid  areas.  As  a  result  the  surface  horizon  is  capable  of  absorbing- 
considerable  amounts  of  water  so  that  gullying  and  sheet  wash  are 
decreased.  Drought  constitutes  a  hazard.  Not  only  does  it  result 
in  the  depletion  of  vegetal  cover,  but  it  alters  the  physical  structure 
of  the  surface  soil,  making  it  peculiarly  susceptible  to  erosion  by 
running  water.  If,  as  is  frequently  the  case,  a  drought  is  broken  by 
an  intense  downpour,  gullying  and  sheet  wash  can  set  in  in  spite  of 
the  high  organic-matter  content  of  the  A  horizon. 

The  wind-erosion  hazard  becomes  critical  in  semiarid  regions. 
Most  of  the  semiarid  lands  of  the  world  are  relatively  flat  so  that  high 
wind  velocities  can  develop  without  being  impeded  by  the  presence 
of  topographic  barriers.  In  spite  of  the  relatively  low  rainfall 
intensities  in  semiarid  regions,  serious  gullying  and  sheet  washing- 
occur  where  the  resistance  of  the  land  to  erosion  has  been  lowered 
through  overgrazing.9  The  bottom  lands,  usually  the  most  produc- 
tive areas  of  these  regions,  are  particularly  susceptible. 

Accelerated  erosion  in  desert  regions  is  similar  to  that  which  occurs 
under  natural  conditions,  and  except  where  irrigation  has  made  it 
possible  to  utilize  desert  lands,  its  economic  significance  is  not  great. 
The  effect  of  irrigation  is  to  provide  the  soil  with  a  more  effective 
erosion-control  cover  than  it  possessed  before;  hence  the  establish- 
ment of  irrigated  tracts  aids  soil  preservation.  Some  portions  of  the 
desert  may  be  used  for  grazing,  but  the  quality  of  the  forage  is  such 
that  many  acres  of  land  must  be  provided  for  each  animal.  Under 
such  conditions  the  normal  rate  of  erosion  is  not  greatly  accelerated. 
The  most  serious  soil  erosion  in  desert  lands  occurs  in  the  small  areas 
where  drainage  conditions  have  provided  a  source  of  water  that 
permits  the  growth  of  nondesert  plants.  In  such  instances  over- 
grazing is  as  great  a  hazard  as  in  semiarid  regions. 

The  taiga  and  tundra  lands  are  more  free  from  accelerated  erosion 
than  any  of  the  warmer  regions  of  the  world.  This  is  partly  because 
these  lands  have  not  been  extensively  cleared,  and  where  clearing  has 
occurred  the  growing  season  is  so  short  that  the  lands  are  under  a  crop 
cover  throughout  the  frost-free  period.  When  freezing  does  set  in, 
it  serves  to  preserve  the  soil  against  erosion  by  wind  or  water,  although 
frost  heaving  and  ice  action  may  cause  local  soil  disruption. 

CLIMATE  AND  LAND  UTILIZATION 

The  distribution  of  climates  and  their  associated  soil  and  vegetative 
types  provides  the  basis  upon  which  all  agricultural  land  utilization 
rests.  Where  the  occurrence  of  minerals  makes  mining  possible  or 
where  nearness  to  sea  lanes,  rivers,  and  centers  of  production  and 
consumption  make  it  possible  for  urban  areas  to  become  established, 

9  Thornthwaite,  C.  Warren,  SHABPS,  C.  F.  Stewart,  and  DOSCH,  Kami.  F.    climate  and  ACCELEB- 

ATED   EROSION  IN  THE    SOUTHWEST  WITH    SPECIAL  REFERENCE    TO    THE    POLAOCA    WASH    DRAINAGK    RASIV. 

Arizona.    (In  manuscript.) 
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man  can  engage  in  highly  specialized  forms  of  land  utilization  with 
less  concern  for  climate  and  its  attendant  natural  conditions.  But  in 
agricultural  use  of  the  land,  whether  for  crop  production  or  grazing, 
certain  natural  limitations  are  imposed  which  for  the  most  part  cannot 
be  surmounted.10 

But  while  variation  in  the  climatic  complex  from  place  to  place  sets 
limits  beyond  which  certain  crops  cannot  be  grown  or  certain  types  of 
agriculture  practiced,  it  does  not  follow  that  land  utilization  and 
climate  correspond  as  do  soils  and  climate.  On  the  subhumid  Cher- 
nozem lands  of  India  the  Hindu  peasant  raises  cotton.  On  similar 
lands  in  Africa  the  Buganda  natives  raise  cattle.  In  northeastern 
Australia  the  natives  left  the  subhumid  Chernozem  lands  un tilled  and 
virtually  unused  prior  to  the  arrival  of  Europeans.  In  our  country 
these  same  lands  provide  the  most  productive  areas  for  commercial 
wheat  farming  and  cotton  production  that  the  continent  possesses. 
It  may  seem,  then,  that  there  is  no  one  use  to  which  land  can  or  should 
be  put.  The  economy  of  the  culture  determines  what  constitutes 
optimum  use,  and  even  optimum  use  varies  with  fluctuations  in 
economic  conditions. 

In  our  own  economy,  which  like  that  of  western  Europe  is  the  prod- 
uct of  the  industrial  revolution,  pressure  on  the  agricultural  lands  is 
equaled  only  in  the  most  densely  populated  oriental  countries.  The 
creation  of  a  large  industrial  and  commercial  population  has  laid  upon 
the  farmer  the  task  of  feeding  and  clothing  millions  of  persons  engaged 
in  other  than  agricultural  pursuits.  Whereas  the  subsistence  farmer 
of  the  Amazon  Basin  or  in  India  has  only  to  provide  for  the  feeding 
and  clothing  of  his  immediate  family  group,  the  American  or  Euro- 
pean farmer  must  produce  huge  surpluses  over  and  above  the  relatively 
small  quantities  he  himself  consumes.  The  subsistence  farmer  pro- 
duces only  a  very  minor  portion  of  his  crops  for  trade  or  exchange, 
but  the  farmer  of  our  occidental  society  must  produce  cash  crops  in 
abundance  in  order  to  obtain  the  other  foods  and  industrial  goods  he 
needs. 

All  of  this  has  led  to  a  specialization  in  farming  which  has  tended 
toward  the  establishment  of  one-crop  systems.  Except  for  truck 
farming  and  dairying  there  is  little  real  diversity  in  crop  production 
in  the  occidental  economy.  The  Corn  Belt  farmer  may  produce  a 
variety  of  crops,  but  the  emphasis  is  on  hogs  and  corn.  The  farmer 
in  the  Southeast  depends  largely  on  cotton.  Wheat  is  the  cash  crop 
on  the  western  prairies  and  eastern  plains.  Citrus  fruits  are  the 
specialty  in  the  Los  Angeles  Basin. 

The  development  of  transportation  in  North  America,  Europe,  Aus- 
tralia, and  throughout  much  of  South  America  and  Asia  has  drawn 
most  of  the  land  areas  of  the  world  into  the  realm  of  influence  of  the 
western  economy.  Since  in  most  parts  of  the  world  comparatively 
efficient  transportation  is  afforded  for  the  dispersal  of  agricultural 
products  and  since  those  cash  crops  have  been  raised  which  would 
yield  the  greatest  monetary  return,  there  has  been  a  tendency  to  raise 
crops  on  the  lands  most  suitable  for  them  from  the  standpoint  of 
climate,  soils,  and  topographic  conditions.  This  tendency  has  been 
fulfilled  only  in  part  because  of  such  economic  factors  as  variation  in 

[rrigation  of  deserl  areas  forms  the  principal  exception  to  this  statement.  Yet  even  in  the  case  of  irriga- 
tion natural  conditions  must  be  such  as  to  favor  this  cultural  modification. 
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price,  availability  of  labor,  and  distance  to  market.  Nevertheless 
the  tendency  has  been  sufficiently  marked  so  that  in  areas  strongly 
influenced  by  the  western  economy  a  crop  pattern  roughly  corres- 
ponding to  the  general  climatic  pattern  has  become  established.  The 
tendency  has  been  furthered  by  mechanization,  particularly  in  the 
newly  settled  areas  of  the  world,  even  though  farmers,  like  all  people, 
are  slow  to  abandon  their  traditional  techniques. 

The  general  conformity  between  types  of  land  utilization  and 
climate  in  the  occidental  economy  is  brought  out  by  comparing  the 
distribution  of  these  types  in  Europe  and  in  the  United  States  and 
Canada.  On  both  continents,  Mediterranean  agriculture,  consisting 
of  the  production  of  mixed  vegetable  and  orchard  crops  (the  latter 
principally  citrus  fruits  and  olives),  is  found  in  the  summer-diy  sub- 
humid  climates  (4).  Corn,  wheat,  and  livestock  are  the  chief  products 
of  the  humid  and  subhumid  lands  in  which  occur  the  Gray-Brown 
Podzolic  soils  and  the  Prairie  soils  and  degraded  Chernozems. 
Throughout  extensive  areas  of  Europe,  and  in  a  narrow  belt  in  North 
America  extending  eastward  from  southern  Michigan  into  Canada 
and  western  New  York,  small  grains  and  livestock  are  raised.  These 
occupy  a  position  north  of  the  corn-wheat-livestock  agricultural  com- 
plex. Still  farther  north,  in  the  cool  humid  climates,  hay  production, 
dairying,  and  livestock  raising  constitute  a  distinct  agricultural 
association. 

In  the  warm  humid  and  subhumid  southeastern  part  of  the  United 
States  cotton  is  the  principal  cash  crop.  The  climatic  belt  it  occupies 
has  no  counterpart  in  Europe — a  fact  that  partially  explains  the  lack 
of  such  a  quasi-plantation  economy  on  the  European  continent.  In 
the  semiarid  and  dry  subhumid  lands  commercial  grain  farming  pre- 
dominates, grading  into  commercial  grazing  in  the  more  arid  regions. 
Climate,  soils,  and  topography  favor  the  establishment  of  commercial 
grain  operations  in  the  broad  rich  lands  of  the  Ukraine  and  the  fertile 
lands  of  the  Spring  and  Winter  Wheat  Belts  of  North  America.  The 
low  precipitation  results  in  low  yields  and  necessitates  the  use  of 
large-scale  methods  since  costs  of  production  must  be  kept  at  a 
minimum. 

Truck  farming  and  commercial  fruit  growing  in  the  eastern  and 
southeastern  United  States  is  only  partly  determined  by  climate;  the 
principal  factor  is  the  location  of  centers  of  consumption.  The 
particular  crops  raised,  however — for  example,  citrus  fruits  in  Florida 
— are  directly  related  to  the  climate.  Throughout  the  taiga  zone 
uncultivated  forest  lands  are  the  rule  because  of  the  shortness  of  the 
growing  season. 

Correspondence  between  land  use  and  climate  such  as  that  in 
Europe  and  North  America  does  not  exist  throughout  the  world.  An 
entirely  different  classification  of  major  agricultural  regions  is  neces- 
sary outside  the  occidental  economy  (26).  Vast  areas  of  desert  and 
semiarid  land  are  devoted  to  nomadic  herding  which  would  be  used  for 
commercial  livestock  ranching  in  Europe  or  America.  Tropical  wet 
and  humid  lands  devoted  to  shifting  cultivation  under  primitive 
societies  give  way  to  plantations  of  rubber,  sugarcane,  coffee,  and 
other  crops  when  under  European  or  American  control.  In  many 
Kreashi  several  climatic  regions  subsistence  agriculture  is  practiced, 
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with  rice  or  some  similar  crop   as  the  staple  and  with  or  without 

The  o-eneral  farming  types  already  identified  for  Europe  and  North 
\merica  are  carried  over  into  other  parts  of  the  world  which  have 
been  settled  by  Europeans— Australia  and  South  Africa,  for  instance. 

.Adjustments  in  Land  Utilization 

Because  a  land-utilization  pattern  tends  to  match  the  climatic 
pattern,  this  does  not  mean  that  it  will  or  should  remain  fixed.  In- 
dustrialization, with  its  commercialization  of  agriculture,  is  a  recent 
development,  and  adjustments  are  constantly  being  made.  The 
agricultural  pattern  will  probably  never  be  fixed  over  very  long  periods 

of  time. 

But  in  this  constant  process  oi  adjustment  there  are  more  crop 
failures  and  land  failures  than  there  need  be.  Too  often  the  method  of 
trial  and  error  is  followed,  and  too  little  attention  is  paid  to  the  year- 
to-vear  conditions  under  which  a  given  crop  must  grow.     A  serie-  of 

-  of  "good"  climatic  conditions  results  in  overexpansion  of  agri- 
cultural lands,  and  crops  are  pushed  outward  into  areas  which  are 
climaticallv  submarginal.  Then  when  "average"  or  "poor"  years 
occur,  crop  and  land  failures  result.  So  far  as  climatologists  can 
determine,  the  year-to-year  fluctuations  in  climate  are  almost  entirely 
fortuitous.  Good  years  may  occasionally  be  bimched  together,  or  a 
series  of  bad  years  'may  occur,  but  there  is  nothing  systematic  about 
the  variations. 

While  the  complexity  of  interacting  meteorological  phenomena  has 
thus  far  made  it  impossible  to  evolve  an  accurate  long-range  fore- 
casting method,  this  does  not  preclude  the  development  of  some  such 
method  in  the  future.  With  an  increase  in  climatic  data,  the  exten- 
sion of  upper-air  observations,  and  the  growth  of  meteorological 
knowledge  will  come  a  clearer  understanding  of  how  long-range  fore- 

-  can  best  be  carried  out:  and  long-range  forecasts  sufficiently 
accurate  to  be  useful  in  year-to-year  land  use  planning  may  eventually 
be  made. 

The  present  inability  to  make  long-range  forecasts  does  not  mean 
that  climatic  knowledge  cannot  be  usefully  employed  in  effecting 
adjustments  in  land  utilization.  Highly  pertinent  information  is 
available  if  the  problem  is  viewed  simply  as  a  statistical  one.  The 
principle  involved  is  the  same  as  that  applied  in  vital  statistics. 
The  population  expert,  knowing  the  incidence  of  mortality  in  different 
age  groups,  can  accurately  predict  the  number  of  deaths  annually  in 
each  group.  The  utility  of  this  knowledge  is  not  negated  merely 
because  he  cannot  predict  the  time  of  death  of  a  particular  person. 
In  an  analogous  manner,  the  elimatologist  can  state  how  many 
serious  droughts,  flood-producing  rains,  or  periods  of  abnormally  high 
temperature  are  likely  to  occur  in  an  area  during  a  20-year  period. 
And— following  the  analogy — the  utility  of  this  knowledge  is  not 
impaired  merely  because  he  is  unable  to  predict  what  particular  years 
or  seasons  will  produce  these  conditions. 

Through  applying  climatic-risk  data  organized  on  such  an  actuarial 
basis  the  expected  incidence  of  crop  failure,  depletion  of  the  range, 
occurrence  of  flood-,  etc.,  can  be  readily  ascertained,  given  the  local 
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economic,  soil,  and  topographic  conditions.  In  marginal  areas  where 
climatic  fluctuations  are  particularly  critical,  this  knowledge  is 
especially  applicable  in  determining  what  crops  should  be  raised, 
what  agronomic  techniques  and  calendars  will  prove  most  eftV 
whether  supplemental  irrigation  is  required,  and,  in  general,  what 
type  of  farm  economy  is  best  suited  to  the  particular  area.  By 
proceeding  in  this  way  adjustments  in  land  utilization  can  be  made 
on  a  basis  other  than  the  expensive,  and  often  disruptive,  method  of 
trial  and  error. 

CLIMATE  AND  LANDSCAPE 

Landscapes  are  the  integrated  combinations  of  natural  and  cultural 
features  that  characterize  the  surface  of  the  earth.  Land  forms, 
surface  waters,  vegetation,  animal  life,  soils,  and  rocks  are  foremost 
the  natural  elements  of  the  landscape;  crops,  domesticated 


animals,  buildings,  roads,  railroads,  and  canals  are  a  few  of  the  many 
cultural  dements.  In  the  interactions  between  climate,  vegetation, 
soils,  erosion,  and  die  molding  of  land  forms,  climate  plays  a  dominant 
role ;  it  is  therefore  readily  ran 


solely  the  product  of  natural  forces  in  the  sense  that  the  influence  of 
man  has  not  been  felt — is  closely  bound  to  climate.  To  a  somewhat 
lesser  degree  is  the  cultural  landscape  related  to  climate.  The  ele- 
ments of  the  cultural  landscape,  such  as  buildings,  roads,  and  distribu- 
tion of  crops,  are  strongrv  influenced  by  cultural  heritage:  yet  they 
remain  the  outward  manifestations  of  an  economy  and  social  organ- 
ization which  is  in  delicate  balance  with  the  natural  environment. 
So  while  a  wide  variety  of  cultural  landscapes  may  exist  under  any 
one  set  of  natural  conditions,  each  displays  certain  characteristics 
that  are  in  harmony  with  the  natural  landscape  and  hence  with  the 
climatic  complex. 

Where  the  natural  landscape  has  remained  unaltered,  the  expression 
of  the  climate  in  the  landscape  is  readily  discernible.  The  dense 
forests,  deep  Red  and  Brown  clay  soils,  fine  stream  network,  and  gently 
rounded  slopes  of  the  superhumid  Tropics  all  reflect  the  high  tempera- 
tures and  high,  well-distributed  precipitation  which  characterize  these 
climatic  regions.  So  too  is  the  sharp  angular  landscape  of  the  desert 
with  its  alkaline  soOs  and  sparse  growth  of  drought-resisting  plants 
an  expression  of  climatic  conditions.  Similarly,  in  all  of  the  climatic 
regions,  the  individual  elements  of  the  natural  landscape— land  forms, 
vegetation,  soils,  weathering  and  erosion  characteristics — each  of 
which  is  strongly  influenced  by  climate,  combine  and  interact  to  form 
the  total  landscape. 

In  the  cultural  landscape  the  climate  is  a  passive  rather  than  an 
active  agent,  setting  limits  beyond  which  certain  human  actii 
cannot  reasonably  be  pursued.  As  has  been  seen,  the  climate  in- 
fluences the  crops  grown  and  the  techniques  used  to  cultivate  them. 
Climate  also  influences  human  activities  indirectly  through  the 
medium  of  the  natural  landscape.  Thus  shifting  cultivation,  for 
example,  is  limited  to  the  humid  and  superhumid  climates  where  acid 
soils  and  dense  tree  growth  make  this  type  of  agriculture  the  only 
practicable  one  for  primitive  peoples.  Tnough  climates  fluctuate  in 
distribution  from  year  to  year,  their  mean  positions  change 
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slowly:  hence   the  average  conditions   and   normal   fluctuations   are 
oper:i  :  long  periods  of  time.     The  result  is  that  the  cultural 

as  well  as   the  natural  landscapes   tend   more  and  more   to   reflect 
climatic  condition-  gh  the  cultural  landscape  forms  themselves 

liin  one  climatic  region  because  of  the  different  cultural 
backgrounds  of  the  peoples  inhabiting  it . 

The  world  landscape  pattern,  then,  whether  or  not  the  landscapes 
are  altered  by  man.  c  integration  of  the  world  patterns 

formed  by       2  soils,  land  forms,  and  land  utilization.     And 

the  study  of  di  iiich  helps  to  make  possible  an  understanding  of 

all  these  pat*  the  landscape  pattern  as  well,  is  a  mode  of 

approach  which,  tiboog  sufficient   in  itself,  is  indispensable  in 

detennining  how  man  st  intelligently  utilize  the  resources  and 

environment  with  which  nature  has  provided  him. 
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The  How  and  Why  of 
Weather  Knowledge 


By  F.  W.  Reichelderfer 


CLIMATE  AND  WEATHER  are  basic  natural  resources,  but 
they  must  be  understood  if  they  are  to  be  turned  to  good 
advantage.  No  one  has  better  reason  to  know  this  than  the 
farmer.  Afi  civilization  has  become  more  complex,  our  depend- 
ence on  intimate  and  accurate  knowledge  of  climate  and  weather 
has  increased.  Today  this  knowledge  is  so  indispensable  that 
every  civilized  country  has  an  elaborate  weather  service.  In 
the  United  States  this  service  functions  24  hours  a  day  and 
endeavors  to  bring  up-to-date  information  to  every  individual 
in  the  land  who  needs  it.  For  50  years  the  service  was  part  of 
the  Department  of  Agriculture,  and  it  is  still  closely  associated 
with  agricultural  activities.  What  does  it  do?  How  does  it 
work?  How  can  we  make  the  best  use  of  its  activities?  The 
Director  of  the  service  explains. 


V.  W.  Retchelderfrr  is  Director.  [Jnited  States  Weather  Bureau. 
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Weather  and  climate  are  as  vital  to  human  life  as  the  soil  itself. 
They  are  among  our  most  valuable  natural  resources.  If  the  weather 
is  too  dry  or  too  wet,  crops  fail,  and  the  farmer  suffers — but  not  the 
farmer  alone.  Permanent  changes  in  climate  could  bring  ruin  to  our 
entire  business  structure  and  make  our  continent  practically  unin- 
habitable. Fortunately  the  supply  of  weather,  unlike  the  reserves  of 
some  natural  resources,  appears  to  be  inexhaustible.  Although  there 
are  fluctuations  in  rainfall,  temperature,  and  other  atmospheric  ele- 
ments from  day  to  day,  month  to  month,  and  year  to  year,  "perma- 
nent" changes  in  climate  within  the  records  of  civilized  man  have 
been  small.  But  even  the  yearly  fluctuations  have  such  profound 
influence  on  man's  livelihood  and  pursuit  of  happiness  that  no  matter 
what  his  occupation — farmer,  aviator,  engineer,  industrialist,  laborer, 
merchant,  clerk — he  daily  takes  keen  interest  in  the  weather.  It  is 
usually  the  first  thing  he  thinks  of  when  he  lays  his  plans  for  the 
day's  work  and  decides  what  clothes  to  wear.  In  this  country  2 
million  businessmen  every  morning  turn  at  once  to  the  weather  report 
when  they  pick  up  the  daily  paper.  More  than  a  million  people  listen 
for  the  weather  forecast  by  radio  once  or  more  each  day,  and  a  hundred 
thousand,  desiring  more  than  is  given  in  the  press  or  over  the  radio, 
telephone  or  visit  Weather  Bureau  offices  daily  to  obtain  further 
information. 

The  Nation-wide  meteorological  service  of  the  Weather  Bureau 
provides  reports  and  advices  of  value  to  almost  every  kind  of  business 
and  profession  and  probably  ranks  close  to  the  postal  service  in 
universal  interest  and  application.2 

In  a  recent  survey  of  the  utilization  of  weather  service  in  the  United 
States,  it  was  found  that  the  protection  to  property  afforded  by  the 
weather  reports  and  forecasts  of  the  Weather  Bureau,  and  the  increased 
profits  through  reduction  in  loss  or  increase  in  production  from  use  of 
weather  information,  account  for  savings  and  profits  totaling  more 
than  3  billion  dollars  annually.  Large  as  this  sum  is,  it  does  not 
represent  the  fullest  practicable  utilization  of  the  weather  service 
available  to  agriculture,  commerce,  and  industry. 

In  view  of  the  fundamental  influence  of  weather  and  climate  on 
man's  food,  clothing,  and  shelter,  and  therefore  on  his  health  and 
happiness,  it  is  not  surprising  to  find  that  from  the  earliest  times  he 
has  taken  notice  of  seasonal  variations  and  that  long  ago  he  looked 
for  signs  or  omens  that  would  foretell  the  weather,  particularly  the 
approach  of  storms.  In  an  attempt  to  court  supernatural  aid  in 
warding  off  unfavorable  weather  he  made  supplication  to  meteoro- 
logical deities.  Some  of  the  weather  signs  picked  up  by  man  through 
the  ages  contain  an  element  of  truth;  others  were  mere  superstitions. 
A  surprisingly  large  number  of  these  superstitious  notions  about  the 
weather  still  persist.  These  are  slowly  giving  way  to  a  more  scien- 
tific viewpoint  and  a  better  understanding  of  how  a  modern  weather 
service  functions,  its  possibilities,  and  its  limitations. 

2  An  act  of  Congress  dated  October  I,  1>>9(J,  created  the  Weather  Bureau  and  made  it  responsible  for  the 
general  weather  service  of  the  Nation.  Subsequent  legislation  and  Executive  decisions  extended  the  Bu- 
reau's responsibilities  in  the  science  of  weather  and  climate  until  its  service  now  applies  to  civil  aeronautics 
and  other  modern  fields  as  well  as  to  general  agricultural,  commercial,  industrial,  and  transportation  inter- 
ests. The  Fourth  Plan  of  Government  Reorganization,  1940,  transferred  the  Weather  Bureau  from  the 
Department  of  Agriculture  to  the  Department  of  Commerce,  effective  June  30,  1940.  This  transfer  has  not 
modified  the  Weather  Bureau's  service  to  any  of  the  general  interests  of  the  country,  Including  agriculture. 
H.  Doc.  692,  76th  Cong.,  3d  sess.,  states  that  the  transfer  "will  permit  better  coordination  of  Government 
activities  relating  to  aviation  and  to  commerce  generally,  without  in  any  way  lessening  the  bureau's 
contribution  to  agriculture." 
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THE  DEVELOPMENT  OF  MODERN  WEATHER 

SCIENCE 

Although  man's  observations  of  the  weather  began  with  the  dawn 
of  consciousness,  meteorology,3  or  weather  science,  is  still  a  com- 
paratively young  member  of  the  family  of  modern  sciences.  Accurate 
observations,  truly  representative  of  open-air  conditions — that  is, 
unmodified  by  purely  local  or  accidental  influences — are  not  easy  to 
obtain.  Prior  to  the  invention  of  meteorological  instruments,  it  was 
impossible  to  measure  accurately  atmospheric  pressure,  temperature, 
humidity,  wind  velocity,  and  other  elements.  The  barometer  and 
thermometer  were  developed  during  the  seventeenth  century.  There- 
after weather  records  became  more  accurate,  but  daily  weather  service 
as  it  is  now  known  could  not  be  established  until  the  telegraph  was 
invented  and  a  widespread  system  of  daily  synoptic  reporting  was 
organized. 

Synoptic  Weather  Reports 

A  synoptic  weather  report  is  a  concise  synopsis,  or  summary,  usually 
in  a  simple  code  for  brevity,  describing  the  weather  conditions  in  a 
locality  at  a  certain  time.  (The  word  "synoptic"  comes  from  two 
Greek  words  meaning  "general  view.")  It  is  important  to  under- 
stand the  role  of  the  synoptic  report  in  modern  meteorology.  The 
study  of  daily  synoptic  reports  as  represented  on  the  weather  map  is 
the  basis  of  our  understanding  of  weather  changes. 

A  single  isolated  weather  observation  tells  little  of  the  general  state 
of  the  atmosphere  or  of  the  changes  that  are  about  to  take  place  in  it. 
Experienced  outdoor  observers  like  farmers  and  mariners  may  recog- 
nize the  approach  of  a  storm  from  a  single  observation  of  clouds  or  the 
appearance  of  the  sky,  but  such  an  observation  does  not  enable  them 
to  describe  the  weather  in  detail  or  for  a  large  area  each  day.  As  may 
be  seen  from  the  article  on  The  Scientific  Basis  of  Modern  Meteor- 
ology, page  599,  the  moisture  that  falls  as  rain  is  usually  transported 
by  air  from  some  distant  ocean.  Vast  bodies  of  air,  technically  known 
as  air  masses,  come  together  from  widely  separated  regions  and  by 
their  contrasting  characteristics  produce  changes  in  weather.  Clouds 
and  rain  usually  occur  along  the  boundaries  of  air  masses  and  are 
the  result  of  their  overlapping.  An  air  mass  is  frequently  composed 
of  millions  of  cubic  miles  of  air  more  or  less  homogeneous  in  character, 
and  it  may  pass  over  many  lands  and  seas  before  encountering  an  air 
mass  of  opposite  characteristics,  interaction  with  which  causes  clouds 
and  rain.  In  order  to  have  a  comprehensive  understanding  of 
weather  and  climate,  it  is  necessary  to  view  a  major  portion  of  the 
atmosphere  as  a  whole,  such  as  a  polar  hemisphere  or  the  quadrant 
or  octant  encompassing  the  region  under  consideration. 

The  state  of  the  atmosphere  at  any  instant  may  be  likened  to  a  great 
jigsaw  puzzle  in  which  one  local  weather  observation  is  a  single  piece 
that  reveals  little  or  nothing  of  the  whole  picture.     The  synoptic 

•  3,T!?e  word  "meteorol°gy"  comes  from  the  ancient  Greek  term  for  the  atmosphere.  General  meteorology 
includes  the  subjects  weather  and  climate.  It  does  not  include  the  studv  of  meteors  and  other  heavenly 
bodies,  which  properly  Informs  to  astronomy.  In  the  popular  mind  meteorology  is  often  confused  with 
astronomy  and  sometimes  with  metrology,  which  deals  with  weights  and  measures.  Meteorology  has 
little  to  do  with  the  heavenly  bodies  except  for  the  sun  as  a  source  of  radiant  energy. 
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weather  reports  from  well-distributed  observing  points  make  up  the 
numerous  pieces  of  the  weather  puzzle.  Many  simultaneous  observa- 
tions are  necessary  to  reveal  the  pattern.  Pieced  together  in  the  form 
of  the  daily  weather  map,  they  give  the  complete  view  of  the  weather 
as  seen  by  observers  on  the  ground.  This  branch  of  weather  science 
is  called  synoptic  meteorology.  It  is  the  foundation  of  the  modern 
weather  service. 

The  Daily  Weather  Map 

The  daily  weather  map  of  the  United  States,  made  possible  by 
synchronized  observations  throughout  the  .country  collected  quickly 
by  telegraph,  was  first  published  by  the  United  States  Government 
in  187 1.4  This  was  a  great  step  toward  modern  meteorology.  How- 
ever, the  surface  map  represents  the  weather  conditions  over  a  portion 
of  the  globe  as  viewed  from  the  ground,  and  except  for  cloudiness  it 
gives  little  direct  information  of  conditions  in  the  air  high  above. 
Since  some  of  the  most  important  processes  of  weather  formation 
take  place  in  the  upper  air,  the  surface  weather  map  obviously  cannot 
give  a  complete  understanding  of  weather.  Meteorological  instruments 
installed  at  the  surface  of  the  earth  ordinarily  measure  the  conditions 
only  within  50  or  100  feet  of  the  ground.  The  surface  air  represents 
scarcely  one  one-thousandth  by  volume  of  the  atmosphere  which 
enters  into  the  formation  of  weather  changes.  The  upper  air,  mean- 
ing all  of  the  air  above  100  feet  or  so,  holds  most  of  the  secrets  as  to 
why  the  day  is  clear,  cloudy,  or  showery.  Only  a  guess  as  to  upper- 
air  conditions  can  be  made  from  the  evidence  on  the  surface  weather 
map. 

The  Polar-Front  Theory  and  Air-Mass  Analysis 

During  the  World  War  interruption  of  ocean  weather  reports  led 
Norwegian  scientists  to  intensive  studies  of  air  currents  in  the  effort 
to  develop  improved  methods  of  weather  forecasting.  The  studies 
focused  attention  on  the  fact,  already  mentioned,  that  most  wTeather 
changes  are  related  to  the  boundaries  between  air  currents  having 
different  conditions  of  temperature  and  humidity.  The  more  or  less 
continuous  conflict  between  warm,  moist  currents,  usually  from  the 
south  or  west,  and  cold  dry  currents,  from  the  north  or  east  (in  the 
Northern  Hemisphere),  so  resembled  the  tide  of  battle  along  the 
western  European  battle  front  that  the  Norwegian  school  applied 
the  name  "front"  to  the  boundary  between  different  air  currents — 
or  air  masses,  as  they  are  now  called.  This  concept  led  to  a  great 
step  in  meteorology — the  evolution  of  the  polar-front  theory  and  the 
air-mass  method  of  weather  analysis,  which  systematized  and  simpli- 
fied the  picture  of  the  atmospheric  formations  most  frequently  the 
cause  of  weather  changes.  Air-mass  analysis  of  the  surface  weather 
map  gives  a  logical  explanation  of  the  observed  weather  through  a 
kind  of  extension  or  extrapolation  of  surface  observations  known  as 
indirect  aerology.  It  guesses  at  the  upper-air  structure  to  account 
for  the  weather  experienced  on  the  ground. 

(Synoptic  reports  were  collect.'.]  bj  telegraph  in  1849  but  wen-  not  published  in  the  form  of  a  weather 
map. 
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Balloon  Observations  and  the  Radiosonde 

Direct  air-mass  analysis,  substituting:  factual  data  on  the  state  of 
the  upper  air  for  the  deduction  and  conjecture  involved  in  indirect 
aerology,  was  impossible  until  means  were  invented  for  observing  and 
measuring  the  weather  elements  far  above  the  ground.  Upper-air 
soundings,  as  these  observations  are  called,  were  obtained  by  sending 
up  a  manned  balloon  as  early  as  17S4.  but  the  instruments  carried 
not  accurate,  and  the  ascents  were  never  sufficiently  frequent  to 
be  used  in  a  daily  weather  service.  Still  earlier,  about  1749.  crude 
temperature  soundings  of  the  upper  air  had  been  made  by  attaching 
a  thermometer  to  a  kite.  Benjamin  Franklin  was  one  of  the  experi- 
menters in  this  field.  Beginning  about  1900  unmanned  balloons 
carrying  a  meteorograph,  which  automatically  records  air  conditions 
during  its  ascent,  were  used  for  occasional  soundings.  These  were 
later  supplemented  by  the  box  kite  and  subsequently  by  the  airplane, 
and  for  several  years  such  daily  observations  were  made  at  a  number 
of  stations  in  connection  with  the  regular  forecast  service.  Xeither 
the  kite-observation  network  nor  the  airplane  network,  however,  was 
developed  to  give  the  frequent  and  numerous  synchronized  soundings 
ss  for  adequate  sampling  of  air  pressure,  temperature,  and 
humidity  at  altitudes  where  important  weather  processes  take  place. 

In  -  -vstem  of  radiosonde  observations  was  inaugurated.  A 
radiosonde   rig.  1.  L.  and  Gg   2  insists  of  a  combination  measuring 

instrument,  or  meteorograph,  and  an  extremely  lightweight  radio 
that  transmits  signals  translatable  in  terms  of  air  pressure,  temperature, 
and  humidity,  the  assembly  being  released  with  a  small  gas-filled  free 
balloon  which  carries  it  up  to  50.000  feet  or  more.  A  radio  receiver  on 
the  ground  records  the  signals.  Wind  direction  and  velocity  in  the 
upper  air  can  also  be  obtained  by  observations  of  the  balloon  with  a 
theodolite  during  its  ascent.  In  practice,  wind  aloft  is  more  economi- 
cally observed  by  the  use  of  a  much  smaller  balloon,  called  a  pilot 
balloon.  Upper-wind  observations  by  means  of  the  latter  are  usually 
made  four  times  daily:  by  radiosondes  only  once  or  twice  daily.  The 
radiosonde  and  pilot-balloon  network  gives  for  the  first  time  suffici- 
ently nnmerous  direct  measurements  to  enable  the  meteorologist  to 
analyze  changes  in  air-mass  structure  from  day  to  day  and  thus  to 
piece  together  an  accurate  picture  of  the  physical  causes  of  weather 
and  the  course  of  its  development. 

Daily  air-mass  analys  -  se  J  on  the  direct  measurements  by  radio- 
sondes throughout  the  country  opens  a  new  phase  in  modern  meteorol- 
The  upper-air  data  from  the  radiosonde  records  do  not.  how- 
ever, displace  the  ground  observations  and  the  surface  weather  map. 
They  may  do  so  eventually  when  the  radiosonde  observing  network  is 
widespread  over  the  continents  and  oceans,  but  for  the  next  few  years 
they  will  serve  to  complement  the  partial  picture  shown  by  the  sur- 
weather  map  and  provide  knowledge  to  replace  conjecture  in 
taming  the  physical  processes  of  the  upper  air  which  account  for 
weather. 

In  bringing  about  this  important  step  hi  weather  science,  aeronau- 

bad  a  prominent  role.     Aeronautical  inventions  and  research,  the 

balloon,  the  airplane,  and  the  lightweight  aircraft  radio  led  the  way  to 

the  radiosonde.     The  urgent  needs  of  civil  and  militarv  aviation  for 
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specialized  weather  reports  and  forecasts  supplied  the  driving  force 
and  enlisted  the  necessary  support  for  meteorological  research  and 
development. 

HOW  A  NATIONAL  WEATHER  SERVICE 
FUNCTIONS 

Brief  reference  has  been  made  to  the  fact  that  the  modern  weather 
service  depends  upon  synoptic  meteorology.  It  is  obvious,  therefore, 
that  the  first  requisite  is  a  widespread  system  of  observations  and 
reports  collected  daily  by  telegraph,  telephone,  or  radio.  In  general, 
the  greater  the  area  covered  by  the  reporting  system,  the  more  compre- 
hensive and  satisfactory  the  meteorological  service.  The  atmos- 
phere is  boundless  and  never  motionless.  Storms  develop,  travel,  and 
dissipate  without  regard  to  national  boundaries  and  with  relatively 
little  influence  from  coast  lines  or  other  topographical  features  except 
high  mountain  ranges.  In  normal  times  international  agreements 
provide  for  a  rather  complete  exchange  of  weather  observations  twice 
daily  or  oftener.  Thus  the  Weather  Bureau  is  able  to  draw  weather 
maps  for  almost  the  entire  Northern  Hemisphere  each  morning  and 
evening.  Thorough  international  cooperation  in  exchange  of  weather 
reports  is  indispensable  to  optimum  weather  service. 

Requirements  for  Observations 

Cooperation  is  necessary  also  to  provide  uniformity  in  time  and  form 
of  observations  so  that  the  reports  assembled  on  the  weather  map  will 
be  synchronized  and  comparable.  An  international  weather  code, 
which  provides  for  observations  to  be  taken  in  accordance  with  recog- 
nized procedure  and  expressed  in  standard  units,  is  used.  This  is 
quite  necessary.  The  meteorological  observations  all  over  the  earth 
must  be  coordinated  and  integrated  if  a  complete  understanding  of 
atmospheric  circulation  and  weather  processes  is  to  be  reached.  For 
example,  observations  of  atmospheric  pressure  at  different  places  or 
at  the  same  place  at  different  times  are  not  comparable  unless  they  are 
reduced  to  a  common  standard  of  temperature,  altitude,  and  gravity. 

The  requirements  of  synoptic  meteorology  for  uniformity  go  even 
further  than  the  immediate  observations.  Great  care  is  necessary  in 
selecting  the  exposures  for  meteorological  instruments,  as  well  as  in 
obtaining  the  readings  and  reducing  them  to  comparable  standards. 
The  importance  of  this  point  is  illustrated  by  temperature  variations  on 
a  calm,  clear  night.  The  air  is  often  several  degrees  warmer  a  few  feet 
above  the  ground  than  right  next  to  the  ground.  Fifty  or  a  hundred 
feet  above  the  ground,  or  on  the  crest  of  a  slope  a  few  hundred  feet 
distant,  it  may  be  15°  F.  or  more  warmer.  Under  such  conditions  two 
neighboring  points  within  the  same  air  mass  may  appear  to  belong  to 
two  different  air  masses  unless  the  temperature  observations  are  taken 
under  standard  conditions.  Variations  such  as  these,  large  enough  to 
be  significant  in  air-mass  analysis  and  in  identification  of  weather 
conditions,  are  common  with  other  meteorological  elements  also, 
particularly  humidity,  wind,  and  shower-type  precipitation.  The 
possibility  of  such  characteristic  weather  vagaries  or  variations,  often 
within  a  comparatively  short  distance,  must  be  kept  in  mind  when 
u-      to 
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interpreting  weather  reports  and  forecasts.  They  are  frequently  a 
source  of  confusion  and  dispute. 

Significant  local  variations  in  atmospheric  conditions  are  found  not 
only  near  the  ground  but  also  in  the  upper  air.  Time  as  well  as  space 
is  a  factor.  It  is  evident  that  a  thorough  sampling  of  upper-air 
conditions  by  radiosonde  and  pilot  balloon  is  necessary  to  reveal  these 
variations.  If  observations  are  so  far  apart  geographically  or  chrono- 
logically that  a  significant  atmospheric  condition  is  not  detected,  the 
meteorologist  makes  his  analysis  and  forecast  from  incomplete  in- 
formation. The  omitted  condition  may  cause  a  serious  error  in  his 
picture  of  the  weather. 

Meteorological  Instruments 

Observations  that  are  both  accurate  and  adequate  are  therefore 
essential  to  a  good  meteorological  service.  Weather  Bureau  observers 
throughout  the  country  are  equipped  with  instruments  to  measure  the 
weather  elements  as  accurately  as  possible  and  are  trained  to  use  them 
with  precision.  Even  a  common  instrument  like  the  thermometer 
may  read  wrong  by  several  degrees,  no  matter  how  accurately  it  has 
been  calibrated,  unless  it  is  properly  shaded  and  ventilated  and  care- 
fully read.  Illustrations  of  the  instruments  used  by  Weather  Bureau 
observers  are  shown  in  figures  1  and  2,  and  descriptions  of  these  instru- 
ments and  their  uses  are  given  in  the  legends. 

Not  every  Weather  Bureau  observer  has  all  of  the  instruments 
pictured  in  figures  1  and  2.  Cooperative  observers — discussed  in 
detail  later — have  only  thermometers  and  a  rain  gage.  Airport 
offices  where  more  detailed  measurements  are  required  have  more 
equipment.  Each  station  is  equipped  to  accomplish  the  special 
purposes  for  which  it  was  established. 

Figure  1. — Instruments  used  by  weather  observers.  A,  A  three-cup  anemometer  which, 
installed  on  a  tower  or  mast,  measures  the  wind  velocity  at  the  earth's  surface:  it  gives 
a  continuous  record  through  an  electric  circuit  to  an  element  of  the  recorder.  F.  B. 
a  wind-gustiness  recorder,  useful  in  aviation,  is  operated  through  the  wind-tube,  C. 
The  large  vane.  D.  is  joined  electricallv  to  the  recorder,  F,  to  show  continuously 
the  wind  direction  near  the  ground.  Instruments  for  measuring  atmospheric  pressure: 
F.  A  barograph,  which  records  the  pressure  by  means  of  a  partially  evacuated  metal 
bellows  arrangement,  and  H.  a  mercurial  barometer,  which  gives  the  most  precise 
determinations  of  static  air  pressure.  /.  A  black  bulb  in  a  vacuum  tube  operates 
through  a  column  of  mercurv  and  an  electrical  circuit  to  record  sunshine  on  another 
element  of  the  recorder.  F.  Temperature  instruments:  G.  Maximum-  and  minimum- 
indicating  thermometers  in  the  horizontal  position  in  which  they  are  installed  to  give 
the  highest  and  lowest  temperatures  each  day  at  the  observation  point:  /,  a  sling 
psychrometer  consisting  of  >vet-and-dry-bulb  thermometers  which  are  whirled  by  the 
observer  to  obtain  the  depression  of  the  wet  bulb,  from  which  is  computed  the  humidity 
or  amount  of  moisture  in  the  air.  as  well  as  the  dew  point,  or.  if  the  temperature  is  below 
freezing,  the  frost  point:  and  K,  the  thermograph,  which  continuously  records  the  air 
temperature,  the  record  sheet  being  turned  bv  a  clock  inside  the  drum  at  the  rate  of 
one  rotation  a  week.  \/.  A  hygrograph.  the  humidity-recording  instrument  operated 
on  the  principle  that  a  strand  of  hair  lengthens  or  shortens  when  the  humidity  increases 
or  decreases.  L,  The  radiosonde  measures  upper-air  pressure,  temperature,  and  humid - 
itv.  In  this  view  the  instrument  is  disassembled,  with  the  container,  or  case,  shown  at 
the  rear,  the  measuring  units  near  the  center  front,  and  the  radio  tube  and  battery  at  the 
right  front.  The  entire  assemblv  weighs  only  about  2  pounds.  It  is  carried  up  by  the 
balloon  shown  in  figure  2.  ('.  All  the  instruments  pictured  here  with  the  exception  of 
that  shown  in  L  are  used  in  measuring  air  conditions  near  the  ground,  that  is,  in 

surface  observations. 
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Observations  and  Reports 

At  present  there  are  about  30  radiosonde  observation  points  in  the 
United  States  and  about  140  pilot-balloon  stations.  Since  clouds 
and  fog  obscure  a  pilot  balloon,  the  soundings  are  often  interrupted 
by  cloud  layers.  Radiosonde  observations,  however,  may  be  made 
regardless  of  cloud  cover  or  fog.  These  two  types  of  upper-air 
observations  are  the  basis  for  upper-air  charts  and  direct  air-mass 
analysis.  They  furnish  information  used  continuously  in  civil  and 
military  aviation.  In  the  preparation  of  surface  weather  map 
the  other  hand,  it  is  necessary  to  have  a  larger  number  of  observation 
points  than  for  upper-air  charts.  The  system  of  daily  synoptic- 
reports  is  built  upon  the  network  of  the  Weather  Bureau's  airport  and 
city  offices,  which  have  been  established  to  serve  local  agricultural, 
aviation,  and  business  interests  everywhere.  These  stations  are 
known  as  primary  or  first-order  weather  stations;  they  now  number 
approximately  315.  They  not  only  report  their  synoptic  observa- 
tions but  als^>  keep  watch  for  significant  changes  in  the  weather  and 
distribute  weather  bulletins  and  forecasts  to  farmers,  business  inter- 
ests, and  the  general  public.  In  addition  they  assist  in  the  computa- 
tion and  compilation  of  climatological  information. 

Some  Weather  Bureau  offices  telegraph  their  synoptic  reports 
once  daily,  others  four  times  daily,  and  still  others  send  them  hourly 
or.  under  rapidly  changing  conditions,  more  frequently,  depending 
upon  the  significance  of  the  local  weather  conditions.  These  reports 
by  telegraph  giving  the  synchronous  observations  at  1:30  a.  m..  7:30 
a.  m..  1:30  p.  m..  and  7:30  p.  m.,  eastern  standard  time,  for  the  four 
daily  weather  maps,  are  dovetailed  with  the  observing  networks  for 
the  hurricane-warning  service,  the  cold-wave,  frost-warning,  and 
farm  crop-weather  services,  the  flood-warning  and  forest-fire-warning 

Figure  2. — Other  instruments  designed  to  ^ive  accuracy  in  meteorological  ob-erva- 
A  and  B  are  an  alidade  and  it-  -earchficrht  projector  for  mea-urinj:  the  altitude 
■  -t  <  louds  for  aviation  uses.  C  -how^  the  release  of  a  radiosonde.  The  parachute, 
which  lower-  the  instrument  gently  after  the  rubber  balloon  burst-  at  an  altitude  of 
75,000  feet,  is  carried  just  underneath.  The  radio-onde  instrument,  shown 
in  figure  1.  L.  i-  attached  to  the  end  of  the  light  rope  and  i-  held  in  the  hands  of  the 
attendant  until  the  release  of  the  balloon.  The  instrument  and  parachute  usually 
land  many  miles  from  the  starting:  point.  A  notice  printed  on  the  container  in- 
structs the  finder  to  return  it  to  the  Government.  A  small  fee  is  paid  for  it-  return.  D. 
A  standard  exposure  for  meteorological  instruments:  in  the  center  i-  shown  an  evapora- 
tion apparatus  to  measure  the  rate  at  which  moisture  is  taken  up  by  the  air — a  matter 
of  much  importance  in  studie-  of  crop  growth  and  other  subject-  in  argonomy,  hydrol- 
ogy, and  meteorology.  At  the  right  are  two  rain  ^asres.  which  measure  the  rate  and 
amount  of  precipitation  received  at  the  ground,  and  a  louvered  thermometer  -helter 
which  provides  proper  shade  and  ventilation  for  the  maximum  and  minimum  ther- 
mometers and  other  temperature  and  humiditv  instruments.  \  dose-up  <• 
the  interior  of  a  thermometer  -helter  i-  driven  in  ./.  /:  -how-  a  theodolite  and  pilot 
balloon  bv  means  of  which  the  different  wind  current-  in  the  upper  sir  are  compute. j. 
/.  \  -olar-radiation  observation.  (,.  A  nephoscope,  or  cloud  mirror,  which  gives  an 
indication  of  wind  direetion  and  velocity  at  cloud  level  through  ob-ervation-  of  cloud 
drift.  H.  A  shielded  -now  jjage  to  mea-ure  depth  of  -now.  The  shield  prevents  errors 
in  nsow  catch  which  would  re-ult  from  wind  eddie-  around  an  un-hielded  srajfe.  /.  \ 
river--taLre  -tation  winch  /\\e~  the  height  of  the  river,  u-ed  in  the  Bureau's  daily 
river-na  vitiation  service  and  in  flood  warnings  ill   time-  of  high  water,    k.    kseeondmrm 

_•-.  in  which  a  cylindrical  sample  of  -now  i-  taken  in  the  open  and  wo 
by   th»  ,|e  shown.      /..    \   -tandard   Donrecordhu*  ira^e   to  measure  depth   of 

rainfall.       U.    \  typical  exposure  tower  at  a  Weather  Bureau  office,  with  it-  in-tallation 
of  wind  vanes,  anemometer,  and  thermometer  shelter. 
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sen-ices,  and  the  general  climatological  service  of  the  Weather  Bureau, 
■rdination  and  integration  are  tirst  essentials  to  successful  weather 
gervi  g  rvations  taken  at  irregular  times  or  by  nonstandard 

instruments  and  methods  would  not  be  adaptable  for  use  with  the 
regular  Nation-wide  observations  and  would  be  of  little  value  in  the 
general  weather  service.  One  reason  why  the  meteorological  service 
in  every  country  is  organized  as  a  government  activity  is  to  provide 
for  uniform  and  coordinated  observations.  The  International  Me- 
teorological Committee,  an  official  organization  of  the  directors  of  the 
gevernment  meteorological  services  of  every  nation,  promotes  uni- 
formity and  coordination  in  these  observations  and  reports  throughout 
the  world. 

The  T<>re<  ^t 

Tlv    -  K>rte  from  all  over  the  country  are  collected  at 

in  meteorological  centers.     There  they  are  plotted  on  charts  and 

analytical  forms  preparatory  to  study  by  expert  forecasters.     After 

the  working  chart  is  drawn  and  the  analysis  completed,  the  meteorol- 

s!  makes  his  weather  forecasts  for  the  locality  and  for  the  regions 

in  his  district.     The  reader  may  be  interested  in  a  glimpse  of  the 

si     oorn  of  a  district  center  while  the  maps  and  forecasts  are 

being  prepared.     The  activities  in  connection  with  a  typical  7:30  a.  m. 

map  will  serve  to  illustrate  the  procedure. 

The  Bureau's  synoptic  observers  throughout  the  United  States 
start  observations  early  enough  to  send  their  reports  by  telegraph 
promptly        1  A  few  minutes  later  the  first  reports  are  received 

in  the  forecast  room  at  the  district  center.  A  translator  decodes  the 
ssages,  reading  them  aloud  to  various  assistants  who  plot  the  data 
on  working  charts  as  the  decoding  proceeds.  The  number  of  charts 
depends  on  the  functions  of  the  center  and  the  technique  of  the  indi- 
vidual forecaster.  There  is  always  the  surface  weather  map  and 
usually  a  pressure-trend  chart,  as  well  as  upper-air  charts  showing  (1) 
winds  aloft,  and  (2)  significant  surfaces  of  pressure,  temperature,  and 
.crimes  also  entropy,  an  expression  for  energy  under 
certain   condit  I    various   altitudes.     Some   centers  also   draw 

profiles  of  temperature  and  winds  aloft  and  separate  temperature- 
trend  and  cloud  cha: 

By  S  a.  m.  the  messages  are  arriving  in  large  volume  and  by  8:45 
a.  m.  most  of  the  weather  reports  have  been  plotted  on  the 

map.  The  forecaster  in  the  meantime  has  been  studying  the  upper-air 
charts,  which  have  been  completed  somewhat  earlier,  and  he  now  turns 
to  analysis  of  the  surface  weather  map.  He  identifies  the  air  masses, 
sketches  the  fronts  and  isobars  lines  through  localities  having  the  same 
s  dies  the  atmospheric  formations  that  produce  the 
weather  pictured  on  the  map.  He  compares  the  upper-air  charts 
with  the  surface  analysis  and  estimates  the  rates  of  movement  of  air 
as  -  v.d  the  factors  which  may  change  not  only  their  movements 
but  their  characterise .  -  their  interactions  with  one  another.     He 

thus  arrives  at  his  conclusions  which  he  crystallizes  either  in  the  form 
of  a  prog  :;rt  or  as  a  "mental  image,  on  the  basis 

of  which  he  describes  the  weather  he  expects.  His  forecasts  are  imme- 
diately distributed  by  telegraph,  telephone,  radio,  mail,  and  press. 
Time  is  the  essence  of  effective  weather  service,  and  forecasts  are 
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usually  completed  and  dispatched  by  10:15  a.  m.,  within  3  hours  after 
the  synoptic  observations  are  begun. 

The  weather  map  serves  not  only  for  the  preparation  of  forecasts. 
It  is  the  basis  for  summaries  and  bulletins  of  weather  in  various  parts 
of  the  country.  These  play  a  vital  part  in  the  daily  plans  of  farmers 
and  those  in  industries  allied  to  farming — shippers,  manufacturers, 
brokers — and  persons  in  many  other  business  and  commercial  activi- 
ties. Any  delay  in  the  daily  distribution  of  the  reports,  bulletins,  and 
forecasts  disrupts  important  business  plans  and  occasions  loud  protests 
from  the  press  and  other  intere-t-. 

A  general  description  of  the  technique  of  weather  forecasting  is 
given  in  the  article  on  page  579.  Although  the  process  is  not  simple, 
neither  is  it  mysterious.  In  its  present  stage  it  has  many  of  the  char- 
acteristics of  an  art  as  well  as  of  a  science.  Expertness  is  the  result  of 
a  combination  of  training,  experience,  and  native  ability.  However, 
as  progress  is  made  in  three-dimensional  analysis  of  the  weather  and 
as  the  knowledge  of  its  physical  processes  increases  through  factual 
observations  of  the  upper  air.  the  science  will  become  more  systematic 
and  exact.  Gradually  a  methodology  of  forecasting  is  being  built  up 
which  diminishes  the  importance  of  personal  factors.  Treatises  on 
the  principles  of  weather  forecasting  are  contained  in  recently  pub- 
lished work-.' 

The  Observation  Networks 

One  of  the  essentials  of  effective  weather  service  is  adequate  sam- 
pling— -with  emphasis  on  the  word  adequate — of  significant  air  masses 
by  means  of  representative  observations.  For  some  purposes,  only 
sparse  observations  are  required:  for  others  a  very  dense  network  is 
necessary.  The  general  weather  map  of  the  United  States  requires  300 
to  -400  observation  points.  Additional  stations  are  needed  in  some 
regions  to  amplify  this  network  for  special  services,  such  as  hurricane 
warnings  along  the  Gulf  and  south  Atlantic  coasts  during  the  summer 
and  autumn,  frost  warnings  in  horticultural  belts  during  the  winter. 
and  crop-weather  advices  in  the  Cotton.  Corn,  and  Wheat  Belts  during 
the  growing  season. 

J  ohm  tar  v  Cooperative  Observers 

The  most  intensive  network  of  weather-observing  stations  in  the 
United  State-  is  composed  of  the  Weather  Bureau's  voluntary  coopera- 
tive observers,  who  serve  without  pay.  Their  observations,  referred 
to  in  a  later  article  (p.  689).  supplement  the  synoptic  network  of  the 
weather  map.  The  records  of  the  5,000  unpaid  cooperators  in  this 
dense  network  reveal  the  local  variations  in  weather  and  are  the 
foundation  of  present  knowledge  of  the  climate  of  the  United  States. 
The  differences  in  rainfall,  temperature,  and  certain  other  elements 
from  point  to  point  within  a  radius  of  a  few  miles  sometimes  make  it 
ssary  to  have  a  very  intensive  network  of  cooperative  observers, 
one  for  each  100  to  200  square  miles,  if  significant  local 

'  Pett  re.     WEATH1  TEXTBOOK ONSYNOPTICMETEOROLOGY. 

Uus.    New  York.    1940. 
Byek-.   H.   R.     SYXOPTl  »NACT1CA1  Ml  -       pp.,  :ilu-.     New  York.     1987. 

See  also  th>     -  in  this  Yearbook,  p.  599. 
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variations  are  to  be  determined.     The  present  rainfall-observing  net- 
work is  shown  in  figure  3. 

The  different  observing  networks  to  which  reference  has  been  made 
are  organized  each  for  its  special  use,  but  they  are  so  dovetailed  that 
they  supplement  one  another.  No  one  of  them,  operating  inde- 
pendently, could  accomplish  its  intended  purpose  without  the  dupli- 
cation of  some  of  the  reports  and  functions  now  provided  through  the 
mutually  supplementary  reports.  The  observers  who  voluntarily 
give  their  services  in  reporting  climatological  observations  furnish  a 
noteworthy  contribution  to  the  public  welfare.  The  types  of  observa- 
tion points  or  field  stations  are  shown  in  figure  4  and  are  described  in 
the  accompanying  legend. 

Field  Organization 

The  district  forecast  centers  also  serve  as  administrative  offices  for 
the  districts  into  which  the  networks  and  special  weather  services  are 
organized.  For  some  purposes  large  districts  are  suitable;  for  others, 
such  as  the  climatological  and  crop-weather  services,  smaller  districts 
are  necessary.  The  latter  are  organized  by  States.  Figure  5  shows 
the  general-forecast  districts,  figure  6.  the  crop-weather  districts. 
Still  other  district  boundaries  have  been  found  necessary  to  fill  the 
special  requirements  in  the  airways-weather  and  the  river  and  flood- 
warning  services. 

What  appears  to  be  a  complex  system  of  superimposed  districts  is 
in  reality  a  rather  simple  organization  of  regional  offices,  some  func- 
tioning for  all  phases  of  Weather  Bureau  service  wherever  relatively 
large  areas  make  satisfactory  administrative  units,  others  limited  to 
a  single  phase  where  small  districts  are  necessary.  All  of  these  centers 
are  regular  field-service  offices,  their  administrative  work  being  ad- 
ditional to  their  functions  of  observing,  reporting,  forecasting,  and 
distributing.  The  organization  is  suited  to  an  activity  with  various 
phases  as  interwoven  as  are  those  of  a  meteorological  service. 

THE  USES  OF  METEOROLOGICAL  SERVICE 

Climatological  information  has  innumerable  uses  and  applies 
directly  or  indirectly  to  almost  every  human  activity.  It  is  used  by 
hydrologic  engineers  everywhere  for  such  purposes  as  designing  flood- 
control  works  and  water-conservation  and  irrigation  projects,  as  well 
as  in  planning  ordinary  drainage  systems.  It  is  used  by  manufacturers 
and  heating  engineers  in  designing  then*  plants  and  conducting  their 
operations;  by  agriculturists  in  studying  crop  relations,  land  utiliza- 
tion, and  prevention  of  soil  erosion;  by  aeronautical  engineers  in 
laying  out  airports  and  making  air-line  routes  and  schedules;  and  by 
economists  and  sociologists  in  studying  mass  migrations.  The  radio- 
sonde's report  of  conditions  at  10,000  or  20,000  feet  altitude  is  as 
essential  to  the  farmer,  whose  stock  or  crops  may  be  damaged  by  a 
storm  or  cold  wave  unless  forewarning  enables  him  to  protect  them, 
as  it  is  to  the  aviator  whose  airplane  may  be  grounded  by  icing 
conditions  in  the  clouds. 

The  purpose  of  the  Weather  Bureau  as  defined  in  its  organic  act  is 
to  provide  meteorological  information  which  contributes  to  the  success 
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Figure  1.      {Legend  an  opposite  page.) 
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of  agriculture  and  other  business  and  commercial  activities  of  the 
Nation.  The  Bureau's  field  offices  distribute  timely  reports,  bulletins, 
and  forecasts  daily  by  radio,  telephone,  and  press.  The  weekly, 
monthly,  and  annual  summaries  are  published  as  soon  as  they  can  be 
compiled.6 

Figure  7  illustrates  a  few  of  the  diverse  uses  of  information  on 
weather  and  climate. 

Some  of  the  less  well-known  uses  of  the  weather  service  are  of 
interest  also.  For  instance,  in  some  methods  of  spraying  fruit  trees 
and  vegetables  to  protect  them  from  pests  it  is  important  to  know 
not  only  that  there  will  be  no  rain  to  wash  away  the  chemical  soon 
after  spraying  but  also  that  a  certain  temperature  will  not  be  ex- 
ceeded, because  at  high  temperatures  a  chemical  reaction  sometimes 
takes  place  that  injures  the  plant. 

In  many  processing  methods  for  preparing  cereals,  flour,  baked 
goods,  and  confectionery  for  market,  advance  knowledge  of  tem- 
perature and  humidity  is  important.  The  processing  is  regulated  to 
fit  the  changing  conditions.  Forecasts  of  temperature  extremes — 
either  cold  waves  or  excessively  warm  spells — enable  shippers  of  perish- 
ables to  protect  their  shipments.  In  some  cases  shipments  are  re- 
routed to  avoid  damage. 

Power  companies  in  large  cities  plan  to  meet  the  peak  loads  in 
heating  and  lighting  on  the  basis  of  forecasts  of  temperature  and 
unusual  cloudiness.  Without  advance  knowledge  of  these  conditions, 
uneconomical  operation  and  perhaps  power  failure  would  result. 
Hydroelectric  companies  regulate  their  use  of  water  power  in  the  light 
of  forecasts  of  rainfall,  even  going  to  the  expense  of  starting  steam 
auxiliary  plants  when  a  long  period  of  dry  weather  is  in  prospect. 

In  winter  when  a  great  mass  of  cold  air  is  about  to  engulf  the 
country,  the  forecast  leads  to  precautionary  activities  in  almost  every 
field.  Water  pipes  arid  valuable  shrubs  are  wrapped  for  protection. 
Automobile  radiators  are  filled  with  antifreeze  solutions,  and  whole- 
salers of  antifreeze  products  rush  their  advance  shipments  to  areas 
that  will  be  affected.  Retailers  increase  their  advertisements  of  fur 
coats  and  other  winter  articles.  Fuel  dealers  increase  their  supplies 
of  coal  and  oil  and  ration  their  sales  to  customers  if  there  is  likely  to 
be  a  shortage.  Farmers  drive  their  stock  to  shelter.  In  some  parts 
of  the  country  the  first  forecast  of  cold  weather  in  the  fall  is  the  signal 
for  preparation  of  the  winter's  meat  supply  and  the  completion  of  fall 
harvesting.  Other  precautionary  measures  affecting  almost  every 
walk  of  life  in  one  way  or  another  follow  the  publication  of  forecasts 
of  hurricanes  and  floods. 

6  Additional  information  about  these  bulletins,  forecasts,  and  other  forms  of  meteorological  service  can 
be  obtained  from  local  Weather  Bureau  offices  or  from  the  main  office  in  Washington.     In  cities  where 
I  local  office  of  the  Bureau  its  facilities  are  available  to  furnish  further  information  on  weather  and 
climate  insofar  as  the  scope  of  the  science  and  the  capacity  of  the  staff  permit. 

Figure  4. — Types  of  observation  points  or  field  stations.  A,  Thermometer  shelter 
and  rain  gage  of  a  rural  cooperative  observer.  B,  A  river-gage  station.  C,  A  mobile 
unit  for  field  work  with  forest-fire-fighting  parties.  A  weather  forecaster  accompanies 
this  unit,  and  through  his  local  observations  and  weather  maps  furnishes  forecasts  of 
wind  shifts  and  thunderstorms,  foreknowledge  of  which  often  enables  the  fire  fighters 
totdispatch  men  to  threatened  points  in  time  to  prevent  serious  spreading  of  (ires. 
/>.  \  <ity  office  of  the  Weather  Bureau.  /*',  An  airport  office.  Mountain  observations 
of  importance  in  airway  operations  and  in  upper-air  analysis  are  illustrated  in  /  and 
G.  II.  Releasing  a  radiosonde  at  an  upper-air  Bounding  station  .  /,  A  ship  at  sea 
which  reports  its  weather  observations  by  radio  four  limes  daily  while  en  route. 
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General  weather-service  forecast  districts  of  the  United  States, 
areas  are  fire-weather  districts. 


Shaded 


A  specialized  type  of  meteorological  service  which  is  very  important 
at  the  present  time  is  the  furnishing  of  information  on  weather  and 
climate  in  connection  with  national  defense.  Individualized  weather 
services  for  military  and  naval  operations  are  usually  provided  by 
specialists  on  the  staffs  of  the  organizations  concerned.  The  general 
synoptic  weather  reports  of  the  Bureau  are  the  basis  for  such  special 
services,  supplemented  by  additional  observations  in  the  theater  of 
operations.  Individualized  forecasts  are  prepared  from  the  com- 
bined data. 

The  value  of  climatological  statistics,  as  distinguished  from  the 
current  reports  and  forecasts,  is  sometimes  overlooked.  The  influ- 
ence of  climate  in  first  encouraging  settlement  and  later  causing  mass 
migration  from  the  same  area  is  shown  in  figure  8.  Although  there 
is  at  present  no  reliable  method  of  predicting  the  occurrence  of  such 
periods  of  drought  as  occurred  in  the  Plains  States  hi  1930-39,  the 
Weather  Bureau,  in  the  light  of  its  information  on  average  rainfall, 
advised  in  1919  against  overcultivation.  Wet  years  such  as  those  from 
1920  to  1929  Lead  to  unsound  exploitation  unless  the  public  is  guided 
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CORN- AND    WHEAT-  CROP      WEATHER     SERVICE 


COTTON- CROP      WEATHER     SERVICE 
CITRUS-FRUIT,    ETC.,    WEATHER    SERVICE 


Fig  i  re  6. — States  covered  by  the  special  agricultural  weather  service  for  the  important 

crop  regions. 

by  knowledge  of  climatology.  Applications  such  as  this  are  of  pro- 
found importance  to  the  entire  social  and  economic  order  of  the  af- 
fected areas.  The  value  of  accurate  methods  for  predicting  long-time 
rainfall  and  temperature  fluctuations  would  be  enormous.  This  sub- 
ject is  discussed  elsewhere  in  this  volume. 

SOME  FALLACIES  AND  PROBABILITIES 

An  old  proverb  says  that  tubers  should  be  planted  during  the  dark 
of  the  moon  because  they  grow  under  the  ground  where  there  is  no 
light.  Superstitions  like  this  no  longer  guide  the  farmer  hi  his 
potato  planting,  but  many  equally  ridiculous  weather  proverbs 
handed  down  from  the  dark  ages  of  meteorology  still  enjoy  popular 
belief.  It  is  not  easy  to  distinguish  the  weather  myth  that  is  accepted 
merely  because  it  is  often  repeated  from  the  respectable  proverb  based 
on  sound  observations.  The  myth,  usually  lacking  in  definiteness,  is 
now  and  then  corroborated  by  pure  coincidence.  These  cases  keep  it 
current. 

Neither  is  it  always  easy  to  distinguish  mere  guesswork  like  that 
sometimes  found  in  weather  calendars  and  almanacs  from  authentic 
forecasts  based  on  sound  synoptic  meteorology.  Their  wording  does 
not  distinguish  them;  both  must  be  phrased  in  the  same  popular  terms. 
Like  the  myth,  the  guess  is  occasionally  confirmed  by  chance,  and  its 
spuriousness  is  then  revealed  onlv  bv  knowledge  of  its  origin. 
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Hie  source  of  a  fore  in  index  to  its  trustworthy     -      Obvi- 

ously anyone  may  keep  account  of :  sIe  bom  day  to  day  and  cheek 

their  accuracy  by  comparison  with  the  weather  he  observes.  But  few 
pereo:      except  thos  ferns   which  use  forecasts  for  dafly 

business  activities  take  the  time  and  trouble  to  compare  then. 
observations  over  a  period  sufficiently  long  for  a  careful,  im: 
syr-riis:/. 

These  facts  are  important  because  they  have  a  direct  bearing  upon 
the  useful:  s  s  meteorological  service  to  the  general  public?  The 
value  of  any  i       s         s  whether  it  be  medical  advice,  business 

counsel,  or  weather  information,  depends  not  only  upon  its  reliability 
but  also  upon  the  user's  confidence  in  it.  Agriculture,  business,  and 
industry  in  general  have  learned  to  utilize  weather  bulletins  and  fore- 

-  -  with  confidence.  Many  individuals,  however,  remain  suspicious 
of  the  science  and  skeptical  of  ii  -  sc  they  are  confused 

by  the  d:  eather  prognostications  and  know  little  about 

the  principles  of  meteorology.     A  better  understanding  of  the  charac- 
ter of  weather  service  ste    and  of  some  common 
fallacies  about  weather  fore*,  ist     s       mid  lead  to  more  intelligent 
interpretation  and  increased  benefi:  ublic  from  the  servk 
avaflahle. 

The  fact  that  daily  weather  analysis  and  fo:  ist  be  based 

upon  synoptic  meteorology  is  s         .1  in  the  official  meteorological 

:  all  civilized  countri  ised  upon  the 

phases  of  the  moon  or  the  direct  influences  of  planets  or  other  astronom- 
ical bodies  have  been  tested  again  and  again  and  found  to  be  as  lacking 
in  justification  as  thas  on  the  i   of  a  particular  day, 

such  as  ground-hog  d^  Si    S  Although  tendencies 

toward  certain  periodicities  or  cycles  have  been  discovered  by  i: 
gators,  none  of  these  have  so  far  proved  to  be  sufficiently  at  and 

T  Far  imarestme  treatises  on  these  sc  £    mn&xfs,  W.  J.    tiathct  frotel: 
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FudTKE  7- — fifwlinl  everyday  uses  of  information  on  weather  and  climate,  A.  A 
pile*  ictniin**  up-to-the-minute  airws  jst  before  be  leave?  tbe  ground  in  an 

lgers  and  maiL  B.  Other  pilot?  listening  in  flight 

about  terminal  landing  conditions      C.  An  an- 

:he  general  public.      D.  A  daily  weather 

by  tbe  Weather  Bureau.  .000  copies  of  weather  maps  are 

ited  each  day  by  offices  of  tbe  Bureau  in  Urge  cities  and  are  posted  in  prominent 


places  for  the  use  of  tbe  public  and  mailed  to  private  subscribers.      £.  A  storm -warning 


tower  oat  the  coast.  The  Weather  Bureau  cooperates  in  tbe  operation  of  about 
at  coastal  points,  including  the  shores  of  tbe  Great  Lakes.  They  &r 
~  craft  as  well  as  Larger  vessels  of  the  approach  -  and  enablr   - 

to  rrmni  in  port  or  seek  sheltered  waters,      F.  Answering  one  of  the  numen- 
phone  inqnirif  r  received  each  day  at  Weather  Bureau  offices.      A  recent  innova 

by  telephone  has  been  introduced  in  several  large  cities.  At  tbe 
device  |  magnetic-tape  principle )  repeats  tbe  fore- 
_  a  large  number  of  callers  to  hear  it  simultaneously  >»ith- 
ont  the  delay  of  calling  tbecdhce  by  regular  connection  when  the  line  is  busy.  This 
makes  the  Bureau's  Latest  36  bar  forecast  available  to  telephone  callers  at  am  time 
of  the  day  or  night.  G.  Orchard  heaters  to  protect  against  frost,  started  as  the  result 
of  a  frost  warning.  H.  The  daily  forecasts  are  particularly  valuable  in  assist i:  g 
street  departments  and  utilities  to  prepare  in  advance  for  removal  of  heavy  snow. 
/.  flood  warnings  aid  in  evacuating  areas  in  ttdxtLncc  of  floods.  Predictions  of  flood 
the  principal  river  basins  are  remarkably  accurate.  It  ■  often  possible  to 
be  crest  sta^e  several  days  ahead  with  an  accuracy  of  within  a  few  inches. 
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DECADE  PERCENTAGE  OF  NORMAL  RAINFALL 


CROP  AND  POPULATION  TRENDS 


1920-1929 


LAND  IN  HARVESTED  CROPS 

INCREASE  IN  ACREAGE,  1919  —  1929 


EACH  DOT 
REPRESENTS 
5,000   ACRES 


POPULATION  CHANGES 
1930  DECADE 


SHADED  PORTIONS  NORMAL  OR  ABOVE 


f^?l  INCREASE 

I 1  DECREASE  53[ 


TOTAL  LOSS  IN  5  STATES  305,459 


Figure  8. — An  illustration  of  the  value  of  climatological  records.      How  greater-than- 

normal  rainfall  encouraged  settlement  in  the  Great  Plains  in  the  1920's  and  subnormal 

rainfall  in  the  1930's  drove  many  of  the  new  settlers  out. 

definite  to  furnish  a  basis  for  specific  daily  weather  forecasts.  Most 
of  the  day-to-day  forecasts  for  a  year  or  more,  like  those  printed  in 
calendars  and  almanacs,  are  without  scientific  foundation  and  fail  to 
stand  the  test  of  impartial  comparison  with  the  actual  weather. 
Many  such  predictions  are  no  better  than  a  random  guess.  Yet  a 
surprising  number  of  persons  still  think  that  almanac  forecasts  are 
reliable. 

A  sound  weather  forecast  must  tell  specifically  what,  when,  and 
where.  It  must  also  rest  upon  knowledge  that  affords  a  basis  for 
detecting  unusual  conditions  such  as  severe  storms.  These  stipu- 
lations are  not  so  obvious  as  they  may  at  first  appear  to  be.  It  is  a 
statistical  fact,  for  example,  that  in  most  parts  of  the  country  a  rela- 
tively high,  degree  of  accuracy  may  be  attained  if  the  forecast  "fair" 
is  used  for  every  day  in  the  year.  Normally,  more  than  60  percent 
of  the  days  are  fair.  Yet  the  guess  "fair"  is  not  a  true  forecast,  even 
though  it  turns  out  to  be  correct;  it  is  based  wholly  on  "playing  the 
averages,"  a  method  that  would  fail  completely  to  warn  of  storms, 
cold  waves,  or  other  unusual  conditions  and  departures  from  normal. 
A  guess  based  on  averages  is  of  little  practical  value  in  planning  for  a 
particular  day  and  usually  fails  to  foretell  severe  weather  conditions 
of  which  farmers  and  businessmen  need  to  be  warned  in  advance. 

Perhaps  the  most  frequent  source  of  misinterpretation  in  forecasts 
a  week  or  more  in  advance  arises  from  failure  to  take  into  account 
this  element  of  time.     Studies  show  that  in  many  months  the  fore- 
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casts  "rain"  and  "no  rain"  can  both  be  rated  more  than  80-percent 
accurate  for  the  same  30  days  if  the  forecaster  is  allowed  a  tolerance 
of  1  day  before  and  1  day  after  each  date  for  which  the  prediction  is 
made. 

Some  are  deceived  by  the  general  expression  "stormy  weather," 
which  is  sometimes  applied  to  a  period  of  several  days  in  predictions 
printed  months  in  advance.  Such  predictions  are  usually  indefinite 
as  to  when  and  where  the  storm  will  occur  and  what  kind  of  storm  it 
will  be;  they  are  equivalent  to  saying  "The  sun  will  rise."'  One  or 
more  storms  of  some  kind  occur  somewhere  every  day. 

It  is  quite  possible  to  use  a  generalized  statement  of  average  con- 
ditions for  a  week  or  a  month  based  on  climatological  records  as  an 
indication  of  the  probabilities.  The  expectancy  for  extreme  conditions 
or  departures  from  normal  may  be  expressed  in  terms  of  frequency, 
as  shown  by  long  climatological  records.  A  summary  of  this  kind 
can  be  applied  to  its  analogous  period  a  month  or  a  year  or  more  in 
the  future,  and  such  generalizations  are  often  very  useful.  They  are 
sometimes  offered  as  forecasts.  Since,  however,  climatological  aver- 
ages do  not  show  the  departures  from  normal  for  a  specific  time,  they 
are  not  forecasts  in  the  accepted  sense  and  cannot  be  relied  upon  to 
foretell  unusual  conditions  for  that  time.  To  take  an  extreme  case 
as  an  illustration:  Climatological  records  show  that  the  average 
temperature  in  the  United  States  is  higher  in  July  than  in  Januaiy\ 
With  that  knowledge  one  may  safely  predict  that  July  will  be  warmer 
than  January.  But  this  is  not  truly  a  forecast  because  it  does  not 
tell  whether  a  particular  July  will  be  much  warmer  or  cooler  than 
the  average  July. 

Another  cause  of  misuse  or  misunderstanding  of  meteorological 
facts,  including  climatological  records  and  current  bulletins  as  well 
as  forecasts,  is  the  failure  to  recognize  the  variable  character  of 
weather  and  climate.  The  science  of  meteorology  is  reasonably  exact 
in  its  measurements  of  the  state  of  the  weather  at  any  particular  time 
and  place,  but  unless  the  user  of  factual  observations  remembers  that 
changes  in  weather  occur  frequently  and  often  rapidly  from  time  to 
time  and  from  place  to  place,  he  may  misinterpret  the  observations. 
An  exact  measurement  is  made  of  the  rate  and  amount  of  rainfall  at  a 
particular  place  for  a  certain  period.  A  few  hundred  feet  away  or  a 
few  minutes  later  the  rate  and  amount  may  be  very  different.  Varia- 
tions of  50  percent  or  more  are  common  in  showers.  Similar  variations 
are  found  in  wind  direction  and  velocity,  in  temperature,  and  in 
cloudiness. 

These  variations  complicate  climatology,  and  they  greatly  inci 
the  difficulties  of  forecasting.  This  is  not  due  entirely  to  the  fact 
that  the  variations  are  hard  to  anticipate.  Indeed,  with  modern 
synoptic  reports  and  analyses,  a  meteorologist  is  often  able  to  fore- 
cast the  weather  in  great  detail.  But  practical  necessity  makes  him 
describe  it  concisely.  The  press  and  the  radio  want  brevity  in  weather 
bulletins  and  forecasts,  and  if  the  presentation  is  too  lengthy,  the 
public  declines  to  read  or  hear  all  of  it,  or  becomes  so  confused  in  the 
details  that  misunderstanding  follow-.  People  want  the  weather 
characterized  in  a  few  words,  or  preferably  one  word — clear,  rain, 
snow.  On  a  typical  day  this  is  almost  like  asking  the  astronomer  to 
describe  the  -tars  in  one  word. 
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An  accurate  description  of  the  weather  in  one  place  for  a  single  day 
often  requires  several  hundred  words.  It  should  be  remembered  that 
when  the  forecaster  says  "rain"  he  is  typifying  the  day's  weather 
and  rarely  expects  it  to  rain  the  entire  day.  When  he  says  "clear" 
he  usually  means  the  weather  will  be  clear  most  of  the  day  and  without 
rain  at  any  time,  though  during  many  days  characterized  by  this  term 
a  few  clouds  are  visible  at  one  time  or  another.  If  he  were  to  forecast 
"partly  cloudy"  in  order  to  describe  the  occasional  cloudiness,  the 
description  would  not  apply  during  the  hours  when  the  sky  is  com- 
pletely clear.  Only  when  it  is  uniformly  clear  or  uniformly  cloudy 
or  rainy  does  a  single  term  describe  conditions  for  the  entire  day,  and 
such  uniformity  in  weather  is  rare.  Again,  the  public  places  various 
interpretations  upon  common  words  like  "clear."  To  most  people  a 
summer  day  is  clear  if  the  sim  is  bright  enough  to  cast  a  faint  shadow, 
even  though  the  sky  is  covered  by  thin  cirrus  clouds.  To  the  photog- 
rapher who  wants  bright  sunlight  for  aerial  mapping  or  the  farmer 
who  desires  the  sunshine  to  ripen  his  crops,  such  a  day  is  not  clear 
but  cloudy. 

In  the  present  state  of  meteorology  an  explicit  forecast  in  the 
accepted  sense  of  the  term  is  not  usually  justifiable  from  the  scientific 
viewpoint  for  longer  than  48  hours  beyond  the  time  of  issue.  Occa- 
sionally atmospheric  conditions  are  sufficiently  stable  or  stagnant  to 
permit  the  forecaster  to  foretell  the  weather  with  accuracy  3  or  4  days 
in  advance.  Official  meteorological  services  sometimes  publish  a 
general  statement  or  outlook  for  a  somewhat  longer  period  based  upon 
an  extension  of  the  hemisphere  weather  map  or  other  synoptic  pro- 
cedure. These  outlooks  are  necessarily  in  more  general  terms  than 
the  regular  daily  forecast.  Predictions  for  periods  longer  than  a 
week  are  still  in  the  experimental  stage  except  for  pure  statements  of 
climatological  probabilities,  which  strictly  speaking  are  not  forecasts. 
Samples  of  those  with  claims  to  scientific  consideration  have  been 
carefully  checked  by  independent  observers  and  have  so  far  been 
found  lacking  in  practical  value  when  used  as  specific  forecasts  for 
definite  dates.8  But  though  a  climatological  outlook  is  not  a  forecast, 
it  has  value  as  an  index  to  future  weather,  and  climatic  studies  are  of 
real  use  for  general  planning  in  agriculture  and  commerce. 

The  conditions  just  discussed  have  such  influence  upon  the  inter- 
pretation of  meteorological  information,  particularly  forecasts,  and 
therefore  upon  their  value  to  the  public,  that  some  further  brief  com- 
ment on  the  principal  sources  of  misinterpretation  seems  desirable. 

Although  the  state  of  the  atmosphere,  which  we  call  weather,  may 
be  observed  at  any  time  and  place  with  accuracy,  its  large  and  some- 
times rapid  variations  must  be  kept  in  mind  in  interpreting  these 
observations,  whether  in  the  form  of  current  reports  or  as  climato- 
logical statistics.  Weather  phenomena  are  not  static  as  are,  for 
example,  the  conditions  studied  in  geology,  which,  once  ascertained, 
remain  unchanged  for  long  periods.  Nor  have  weather  changes  been 
reduced  to  mathematical  expressions  as  have  the  motions  of  the  planets 
and  the  stars,  so  that  they  can  be  computed  accurately  long  in  advance. 
Atmospheric  changes  are  of  an  extremely  complex  nature,  and  in  our 
present  state  of  knowledge  their  causes  are  not  completely  understood. 

•United  Stath.s  Bubkau  ok  Agricultural  Economics,  reports  on  critical  studies  of  methods 
or  LONG-HANOI   weather  forecasting.     V.  S.  Monthly  Weather  Rev.  Sup.  39,  130  pp.,  illus.     1940. 
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FiGOtE   9. — Approximate   practical   limits  of  forecast    accuracy  at  the  present  time. 

Average  percentage   value  of  forecasts  of  the  state  of  the  weather  of  the  single-term 

type  up  to  5  days  after  date  of  issue. 

The  rapid  changes  in  intensity,  speed,  and  direction  of  movement  of 
air  masses,  and  the  large  variations  consequently  found  along  the 
boundaries  or  transition  zones  of  these  masses  impose  practical  limi- 
tations making  it  difficult  to  give  explicit  descriptions  of  weather — 
particularly  forecasts — in  statistical  or  other  concise  forms.  The 
accuracy  that  may  at  present  be  expected  over  a  period  of  time  in 
forecasts  of  the  single-term  type,  like  "clear."  "rain.*'  etc..  is  ind: 
by  figure  9. 

Besides  these  technical  limitations,  there  is  frequent  misunder- 
standing of  meteorological  information.  Accuracy  in  meteor 
compares  favorably  with  accuracy  in  many  other  sciences  and  profes- 
sions— engineering,  medicine,  economics.  The  -  -  of  unfoi  3 
changes  in  air  masses  that  lead  to  erroneous  forecasts  are  obvious  to 
everyone  after  they  occur.  But  since  weather  service  is  a  daily 
activity  and  errors  in  forecasts  occur  three  to  rive  times  a  month  in 
most  parts  of  the  country,  the  errors  are  remembered  and  seem  more 
frequent  than  they  really  are. 

There   arc   seldom   significant   errors  in   the   forecasting  i 
storms  and  other  very  dangerous  conditio  as     -     rm  and  cold-wave 
warnings    are    very    trustworthy.     Preliminary    warnings    are 
given  3  or  4  days  in  advance,  and  specific  fore     -  -  ffl         is  the 

storm  or  cold  wave  develops  ai  a  All  modern  for 

should  be  viewed  as  having  two  general  >*    g   -  -limina: 

vices  based  on  first  indication-  2     -      -  quent  rei   -       -  jiving 
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move  explicit  and  accurate  information  as  the  atmospheric  conditions 
develop.  Some  storms  can  be  definitely  forecast  2  days  or  more  in 
advance:  others  develop  so  rapidly  that  warning  can  be  given  only  a 
few  hours  in  advance.  Unlike  an  almanac  guess,  however,  the  modern 
forecast  can  be  kept  revised  up  to  the  minute  as  more  complete  analy- 
sis is  made.  The  advices  become  increasingly  exact  and  informative 
as  additional  reports  come  in  and  the  storm  or  other  condition  draws 

near. 

Comments  received  by  the  Weather  Bureau  show  that  popular 
views  of  weather  forecasts  are  made  up  of  many  factors  besides  factual 
comparison  of  the  official  forecasts  with  observed  weather.  One  source 
of  confusion  is  hasty  or  careless  reading  of  forecasts  published  in  news- 
papers: another  source  is  the  inattentiveness  of  many  people  in  listen- 
ing to  forecasts  over  the  radio.  Conditions  predicted  for  tomorrow 
are  often  confused  with  those  for  today.  During  every  severe  storm 
there  are  many  who  suffer  injury  or  loss  because  of  their  failure  to 
notice  and  take  proper  action  when  they  read  about  storm  warnings 
or  hear  warnings  broadcast  by  radio.  Moreover,  newspapers  occa- 
sionally delete  a  portion  of  the  official  forecast  for  the  sake  of  brevity 
or  inadvertently  publish  an  old  forecast,  and  radio  broadcasts  fre- 
quently inject  advertising  and  other  comments  which  distort  the 
intended  meaning  of  the  official  forecast.  Surprisingly,  too,  there  is 
sometimes  a  subconscious  tendency  to  reproach  the  meteorologist 
when  the  weather  is  not  what  we  wish,  just  as  we  instinctively  blame 
the  b?arer  of  any  bad  news.  Indications  are  that  this  reaction  is 
much  more  general  among  the  public  than  might  be  expected.  Broader 
education  in  meteorology  and  increased  interest  and  understanding 
are  dispelling  the  irrational  views  and  superstitions  that  have  been 
handed  down  from  the  dark  ages  of  the  science  and  are  leading  to 
rational  use  of  climatological  data,  current  observations,  and  weather 
forecasts  thus  greatly  extending  the  usefulness  and  value  of  the 
service. 

The  science  of  meteorology  and  the  technique  of  the  daily  weather 
service  have  advanced  greatly  during  the  last  two  decades.  A  broader 
public  interest  and  the  spread  of  education  in  the  science  are  removing 
the  limitations  which  have-  prevented  the  most  effective  use  of  weather 
service.  Recently  developed  observations  of  the  upper  air  add  to  the 
knowledge  of  the  atmosphere  and  promise  eventually  to  give  a  much 
better  understanding  of  the  basic  causes  of  weather  and  climate  and 
their  changes.  With  this  knowledge  a  more  basic  interpretation  of 
climatic  influences  and  more  systematic  and  reliable  methods  for 
determining  future  weather  conditions  may  be  expected.  The  eco- 
nomic benefits  will  be  enormous  if  methods  can  be  developed  for  mak- 
ing reliable  forecasts  of  weather  for  a  week,  a  month,  or  a  season  in 
advance,  and  although  progress  is  uncertain,  meteorologists  are  justi- 
fied in  seeking  techniques  which  now  appear  remote.  Modern  studies 
in  three-dimensional  meteorology — that  is,  in  the  upper  air  as  well  as 
on  the  ground — are  growing  in  importance  to  various  branches  of 
ulture — for  example,  in  the  interpretation  of  climatic  factors 
through  studies  carried  on  by  the  Soil  Conservation  Service,  in  the 
fire-prevention  work  of  the  Forest  Service,  in  the  periodical  crop 
estimates  of  the  Agricultural  Marketing  Service,  and  in  the  long-range 
fore     -         -   arch  conducted  with  Bankhead-Jones  research  funds. 
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Research  is  the  means  of  progress.  Meteorological  research  has 
only  recently  arrived  at  the  threshold  of  its  laboratory,  the  atmosphere 
as  a  whole.  Its  studies  are  certain  to  open  the  way  to  a  more  com- 
prehensive science,  with  results  that  will  be  of  benefit  to  all. 

Partial  List  of  Regular   Weather   Burexl    Services  to  the  Public 

Approximate  time  of  issue  Service 

(eastern  standard  time) 

10  a.  m Thirty-six-hour   weather   forecast    issued   daily    through 

radio,  telephone,  and  press.  This  forecast  is  revised 
in  the  light  of  subsequent  weather  maps  about  5  p.  m., 
11  p.  m.,  and  5  a.  m.  the  following  day  if  necessary 
during  periods  of  rapid  ohange. 

10:30  a.  m Amplified  local  36-hour  forecasts   issued  through  radio 

and  press  by  about  75  field  offices  of  the  Weather 
Bureau. 

11  a.  m Daily    weather   map    published    by    about    30    Weather 

Bureau  offices  throughout  the  country  on  week  days. 
Daily  weather  bulletin  containing  tabulation  of 
weather  observations  from  other  cities.  Published  on 
cards  and  in  the  daily  press  by  local  Weather  Bureau 
offices. 

Every  6  hours Airways  weather  forecasts  available  at  airport  offices. 

When  occurring Special  warnings  of  storms,  cold  waves,  etc.     Published 

by  radio,  press,  etc.,  whenever  severe  weather  condi- 
tions are  expected. 
Noon  on  Tuesdays  and    General  weather  forecast  or  outlook  for  the  ensuing  5 
Thursdays.  days.       Published     in     newspapers     throughout     the 

country. 

Wednesday Weekly     Weather    and    Crop    Bulletin.     Published    by 

Weather  Bureau,  Washington,  D.  C. 
Weekly  Cotton  Region  Bulletin.     Published  by  Weather 

Bureau  at  New  Orleans  during  the  growing  season. 
Weekly  Corn  and  Wheat  Region  Bulletin.     Published  by 
Weather  Bureau  at  Chicago  during  the  growing  season. 
Less  complete  weekly  bulletins  issued  by  a  number  of 
other  district  centers. 

Periodically Monthly  Weather  Review. 

Annual  Meteorological  Yearbook  of  the  United  States. 
Bulletin  W  (3  volumes)  giving  tables  and  summaries  of 
climatological  data  for  the  United  States.  Published 
every  10  years,  last  1930. 
A  number  of  other  publications,  a  complete  list  of  which 
is  available  through  the  Superintendent  of  Documents, 
Government  Printing  Office,  Washington,  D.  C. 
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The  Settlement  of  the 
Humid  East 


By  Carl  0.  Saver 


BY  MIGRATIONS  and  settlement  man  has  spread  over  the 
earth  and  settled  it.  To  each  new  land  he  brings  the  ways  of 
production  familiar  to  him  in  his  old  home — ways  fundamentally 
influenced  by  climate.  In  the  new  land  some  of  these  ways 
may  suit  the  climate,  some  may  not.  The  struggle  of  adapta- 
tion, modification,  and  discovery  then  begins.  Here  is  the 
first  of  a  group  of  articles  dealing  with  this  struggle  in  the 
United  States  and  its  territories.  The  settlement  of  this  coun- 
try represented  the  greatest  mass  migration  of  all  time,  and  the 
climates,  from  Alaska  to  Puerto  Rico  and  Hawaii  to  New 
England,   cover   almost   the   entire   range   found   on   the   earth. 


1  Carl  O.  Sau»-r  is  chairman  of  the  Department  of  Oeography,  University  <>i  California. 
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Whereas  ocean  air  flows  freely  during  all  seasons  over  the  Euro- 
pean shores  of  the  Atlantic,  the  Atlantic  seaboard  of  the  United  States 
is  only  occasionally  and  in  part  influenced  by  its  position  on  the  ocean. 
Since  the  weather  usually  moves  from  west  to  east,  the  usual  storm 
tracks  pass  from  western  Canada  or  the  Rockies  eastward  by  way  of 
the  Great  Lakes  and  New  England.  Much  of  the  air  that  gets  to  our 
Atlantic  coast  has  passed  over  a  wide  stretch  of  land  beforehand. 
Such  continental  air  may  have  been  greatly  chilled  in  winter  or  simi- 
larly heated  in  summer  before  it  reaches  the  seaboard.  Thus  our 
eastern  seaboard  areas  are  largely  subject  to  extremes  of  heating  and 
chilling  like  those  in  the  interior  of  the  continent,  although  they  have 
intervening  periods  of  weather  that  is  tempered  by  air  from  the  ocean. 
Our  Atlantic  States  have  hotter  summers  and  colder  winters  than  the 
countries  of  western  Europe.  Other  continental  qualities  of  the 
climate  are  a  rather  abrupt  change  from  winter  to  summer  and  the 
fairly  marked  development  of  summer  thunderstorms,  with  rains 
more  intense  but  of  shorter  duration  than  in  coastal  Europe. 

The  European  colonists  became  well  aware  of  these  differences 
while  recognizing  the  generally  familiar  nature  of  the  weather.  One 
of  the  earliest  observations  was  by  Capt.  John  Smith,  who  likened  the 
summers  of  Virginia  to  those  of  Spain  but  its  winters  to  those  of 
England,  and  who  said  also,  "The  like  thunder  and  lightening  to 
purefie  the  air,  I  have  seldome  either  seene  or  heard  in  Europe." 

Peter  Kalm,  visiting  this  country  from  Sweden,  wrote  under  date 
of  September  23,  1748: 

It  is  true  that  in  Pennsylvania,  and  even  more  so  in  the  lands  farther  to  the 
north,  the  winters  are  often  as  severe  as  in  Sweden,  and  therefore  much  colder 
than  in  England  and  the  southern  countries  of  Europe.  I  found,  for  instance, 
that  in  Pennsylvania,  which  lies  by  20  degrees  farther  south  than  some  provinces 
of  my  fatherland,  the  thermometer  of  Celsius  fell  24  degrees  below  freezing.  And 
yet  I  was  assured  that  the  winters  which  I  spent  there  were  not  of  the  coldest, 
but  quite  ordinary.  It  is  also  true,  however,  that  if  the  winters  are  at  times 
hard,   they   do  not  last  usually   a  great  while.     One  can  say  properly    that  in 
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Pennsylvania  ordinarily  they  do  not  endure  more  than  2  months,  and  sometimes 
not  that  long.  It  is  unusual  if  winter  holds  for  as  much  as  3  months.  Further, 
the  summer  heat  is  very  strong  and  constant.  In  Pennsylvania,  most  of  April, 
all  of  May,  and  the  following  months  until  October  are  as  warm  as  June  and 
July  in  Sweden.  Cherries  are  often  ripe  in  Philadelphia  on  the  25th  of  May; 
and,  not  infrequently,  wheat  is  harvested  in  Pennsylvania  by  the  middle  of 
June.  All  of  September  and  half,  if  not  all  of  October,  constitute  the  pleasantest 
season  in  Pennsylvania. 

EUROPEAN  AND  AMERICAN  VEGETATION 

In  most  cases,  the  colonists  were  at  no  loss  to  identify  the  native 
plants  and  animals  which  they  found  on  the  western  side  of  the 
Atlantic.  It  would  be  impossible,  indeed,  to  cross  an  ocean  anywhere 
else  and  find  as  little  that  is  unfamiliar  in  nature  on  the  opposite  side. 
In  all  the  lands  of  earliest  colonization,  from  Massachusetts  Bay 
south  to  Virginia,  flora  and  fauna  were  closely  related  to  those  in  the 
European  homeland  and  indicated  to  the  settlers  that  they  were  still 
under  familiar  skies  and  seasons. 

Except  for  some  stretches  of  sand,  the  east  coast  was  a  land  abound- 
ing in  hardwoods.  Above  all,  there  were  oaks  of  divers  kinds.  Ash, 
elm,  beech,  birch,  maple,  poplar,  willow,  linden,  and  holly  were  other 
familiar  trees,  even  though  the  American  species  differed  somewhat 
from  those  of  Europe. 

Hardwoods  conspicuously  different  from  those  of  north  Europe 
were  the  chestnut  and  walnut;  the  English  had  enough  experience  of 
the  Mediterranean  to  guess  right  as  to  the  names  of  both  of  these, 
but  they  also  found  hickories  and  pecans,  for  which  Indian  names 
were  adopted,  and  the  noble  tulip  tree,  which  they  misnamed  "yellow 
poplar.''  In  the  north,  the  colonists  found  white  and  red  pine 
mingled  with  the  hardwoods;  on  the  sandy  coast,  pitch  pine;  south- 
ward from  Virginia,  forests  of  yellow  pine.  Such  stands  were  a  new 
experience  to  the  immigrants,  for  pines  are  few  in  western  Europe. 
Still  more  novel  were  the  coniferous  trees  met  with  in  the  swamps 
from  Chesapeake  Bay  south.  For  want  of  a  better  name,  the  colonists 
called  these  trees  cypresses,  though  they  are  not  closely  akin  to  the 
Old  World  cypresses.  The  eastern  juniper  was  similarly  mislabeled 
"red  cedar."  It  was  obvious  that  America  possessed  a  wealth  of 
fine  trees  far  beyond  that  of  the  European  homelands. 

The  wild  berries  were  remarkably  similar  on  both  sides  of  the 
Atlantic  and  served  as  an  important  food  supply  to  the  more  north- 
erly English  colonists.  The  wild  grapes  of  the  New  World  attracted 
much  attention  from  the  settlers,  for  in  most  of  northwestern  Europe, 
grapes,  either  wild  or  cultivated,  did  not  grow.  English,  Swedish, 
and  German  settlers  commented  upon  the  abundance  and  merits  of 
the  American  grapes. 

This  was  indeed  a  lustier  land  to  which  the  settlers  had  conic,  a 
land  of  hotter  summers  and  colder  winters,  of  brighter  and  hotter 
sun  and  more  tempestuous  rain,  a  land  suited  to  and  provided  with  a 
greater  variety  of  vegetation  than  the  homelands  of  Europe.  In  one 
important  respect  only  was  it  strikingly  inferior  to  northwest  Europe — 
the  quality  of  the  grasses.  There  was  grass  aplenty,  both  in  wet, 
low  meadows  and  parklike  openings  or  glades  in  the  upland  woods, 
but  mostly  it  furnished  rather  poor  feed.  Some,  like  the  broomsedge 
or  broomstraw  (eastern  Andropogons) ,  became  coarse  and  harsh  as  it 
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grew.  Almost  none  of  the  native  grasses  withstood  trampling  and 
grazing.  The  annual  grasses  died  off  if  heavily  pastured,  because 
they  did  not  get  a  chance  to  seed ;  the  perennials  had  delicate  crowns 
that  ill  stood  the  abuse  of  heavy  grazing.  In  clovers  and  other  her- 
baceous legumes,  a  similar  inferiority  may  be  noted  for  the  eastern 
American  flora  as  compared  with  the  European. 

INDIAN  ECONOMY  OF  THE  EASTERN 
WOODLANDS 

All  the  native  tribes  encountered  by  the  early  colonists  had  basi- 
cally similar  ways  of  making  a  living.  They  are  usually  all  classed  by 
anthropologists  as  Eastern  Woodland  Indians.  Their  houses  were 
made  of  logs  or  poles  set  upright;  or  in  some  cases  strips  of  heavy 
bark,  as  of  the  chestnut,  were  tied  to  a  framework  of  poles.  They 
made  dugout  canoes  by  hollowing  the  trunk  of  a  tulip  tree  or  some 
other  light,  strong  wood,  or  used  bark  canoes,  as  in  the  north.  The 
household  vessels  were  largely  of  wood  and  bark.  The  hard  maples 
were  carefully  tapped  for  the  spring  sap,  which  was  boiled  down  to 
sugar.  From  woods  borders,  berries  and  edible  roots  were  gathered 
in  quantity.  Walnuts,  hickory  nuts,  chestnuts,  and  the  sweeter 
acorns  provided  winter  foods  of  importance.  Woodland  browse  and 
glade  and  marsh  grasses  supported  game  in  an  amount  and  variety 
that  greatly  impressed  the  newly  come  Europeans,  who  rarely  had 
been  given  the  chance  to  hunt  at  home.  Many  of  the  Indian  uses  of 
forest  resources  were  copied  or  adapted  by  the  settlers.  The  prod- 
ucts of  the  woodlands  were  important  to  them  for  many  years,  as 
these  products  had  been  to  the  Indians. 

From  the  woodland  Indians,  the  colonists  learned  ways  of  farming 
that  greatly  helped,  if  indeed  they  did  not  make  possible,  the  success- 
ful establishment  of  settlements  in  the  new  country.  First  of  all  the 
whites  learned  a  valuable  short  cut  to  land  clearing,  the  deadening  of 
trees  by  girdling.  In  Europe,  where  they  were  accustomed  to  open 
fields  of  plow  land,  when  additional  land  was  cleared  the  trees  were 
carefully  cut  down  and  the  stumps  dug  out  for  firewood.  In  the 
New  World,  the  clear  field,  the  plow,  and  the  seeds  of  Old  World 
agriculture  all  gave  way  largely  to  the  Indian  methods  of  forest  gir- 
dling and  planting  in  hills  and  the  use  of  Indian  crops. 

The  basic  Old  World  crops  were  field  crops,  such  as  small  grains, 
planted  in  plowed  ground,  either  broadcast  or  seeded  in  rows.  The 
Indians  used  digging  stick  and  hoe  for  farming,  had  no  regular, 
rectangular  fields,  such  as  plowing  requires,  and  disregarded  stumps  and 
(lend  trees.  The  planting  was  usually  done  in  "hills,"  often  by  setting 
several  kinds  of  seed,  such  as  corn,  beans,  and  squash,  in  each  heaped- 
up  mound  of  earth.  By  such  procedure,  the  cultivator  secured  a 
much  greater  food  supply  than  would  have  been  possible  under 
European  modes  of  farming,  without  the  labor  of  getting  the  soil 
ready  for  the  plow  and  without  requiring  draft  animals  or  equipment 
other  than  hoe  or  mattock. 

Not  only  in  the  early  colonial  days  of  the  Atlantic  seaboard  but 
lor-  two  and  a  half  centuries  thereafter  the  pioneer  settler  used  Indian 
tillage  and  Indian  crops.     He  continued  to  do  so  until  he  had  ad- 
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vanced  westward  to  the  far  interior  margin  of  the  lands  of  humid 
climate.  The  best  known  solution  of  how  to  farm  in  a  hardwood 
country,  with  a  minimum  of  tools  and  without  the  necessity  of  costly 
clearing,  had  been  worked  out  by  the  aboriginal  agriculturists  of  the 
New  World. 

The  barking  or  girdling  of  trees  let  the  full  sunlight  onto  the  forest 
floor  in  a  few  months'  time  and  thus  made  it  ready  for  planting. 
The  ground  commonly  was  burned  over  before  being  planted,  to 
free  it  of  dead  branches,  dry  leaves,  and  the  light  herbaceous  vegeta- 
tion that  was  present.  The  forest  topsoil  was  dark  with  leaf  mold, 
rich  in  potash,  and  congenial  to  the  heavily  feeding  Indian  corn.  In 
a  few  years  wind  and  weather  completed  the  task  of  bringing  down 
the  dead  timber.  The  deadened  hardwood  trunks  and  roots  decayed 
rapidly  in  the  moist,  warm  summers. 

With  one  or  two  exceptions  the  plants  cultivated  by  the  Indians 
had  originated  far  to  the  south  of  the  United  States  under  tropical 
or  subtropical  conditions.  The  list  of  native  crops  includes  several 
kinds  of  corn,  such  as  dent,  flint,  and  sweet  corn,  various  kidney  or 
navy  beans,  squashes  or  pumpkins,  the  common  sunflower,  and  the 
Jerusalem-artichoke.  Somewhat  doubtfully  the  last  two  are  credited 
to  the  eastern  United  States  as  the  original  place  of  domestication. 
Excepting  the  Jerusalem-artichoke,  these  are  all  annual  plants  which, 
in  contrast  to  most  of  the  crops  of  northern  Europe,  require  warm 
weather  for  starting.  A  large  part  of  our  humid  East  is  as  warm  in 
summer  as  a  tropical  region.  Summer  in  the  middle  Mississippi 
Valley  is  as  warm  by  day  or  night  as  summer  in  the  Tropics,  perhaps 
warmer.  Hence,  carrying  the  warmth-loving  domesticated  American 
annuals  northward  from  Mexico  and  Central  America  to  the  eastern 
woodland  areas  involved  no  very  serious  problems  for  the  aboriginal 
cultivators.  It  may  be  assumed,  however,  that  it  took  many  genera- 
tions for  agriculture  to  spread  from  Mexico  to  Chesapeake  Bay.  As 
it  spread,  a  gradual  selection  of  plants  that  would  mature  in  a  shorter 
and  shorter  growing  season  took  place.  These  in  turn  became  the 
parents  of  our  modern  commercial  corn,  beans,  and  pumpkins. 

COLONIAL  BEGINNINGS  NOT 
AGRICULTURAL 

When  the  English  first  began  their  activities  in  the  New  World, 
they  had  little  concern  about  places  suitable  for  agricultural  settle- 
ment. Farming  was  forced  upon  the  colonists;  it  was  not  the  object 
of  their  coming.  The  early  Englishmen  who  came  to  America  came 
to  seek  a  northern  way  to  the  Orient,  to  bar  the  way  of  Spanish  or 
French  expansion,  to  seek  wealth  in  furs  and  in  codfish,  herring,  and 
mackerel,  to  find  precious  metals  like  those  of  Mexico  and  Peru,  or 
at  least  to  secure  profitable  cargoes  of  medicines,  spices,  dyewoods, 
or  naval  stores.  Stockholders  in  trading  ventures  put  up  the  funds 
on  which  attempt  after  attempt  at  settlement  was  made  and  failed — 
in  Newfoundland,  in  Maine,  in  North  Carolina,  and  in  the  Tropics — 
largely  because  settlements  were  started  for  all  reasons  but  the  suit- 
ability of  climate  and  soil  for  farming.  The  fact  that  any  group  of 
overseas  colonists  needed  above  all  else  to  sustain  themselves  by  the 
products  of  their  agriculture  was  understood  very  slowly. 
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PLANTATION  CROPS  FROM  TROPICAL  LANDS 

Even  the  Colony  of  Virginia,  first  overseas  English  settlement  that 
endured,  was  extremely  reluctant  to  engage  in  agriculture.  In  its 
floundering  beginnings,  it  depended  on  imported  supplies  and  food 
traded  or  taken  from  the  Indians.  Four  miserable  years  after  the 
founding  of  Virginia,  the  new  government  of  Sir  Thomas  Dale  applied 
a  rigorous  regime  of  enforced  agricultural  labor,  which  pulled  the 
Colony  through.  The  Englishmen  gave  some  attention  to  the  grow- 
ing of  Indian  crops,  and  European  livestock  was  turned  out  to  range 
through  the  woods.  Swine  in  particular  did  well  on  the  mast  of  the 
hardwoods  and  increased  rapidly.  Smith  reported  as  late  as  1618 
that  only  30  or  40  acres  of  European  grain  had  been  sown — in  soil 
prepared  with  a  single  plow. 

Meanwhile,  apparently  in  1612.  the  cultivation  of  tobacco  was 
begun.  This  was  not  the  harsh  native  tobacco  (NicotiaJia  rustica) 
used  by  the  Indians  of  the  eastern  woodlands,  but  the  cultivated 
tobacco  (X.  tabacum)  of  the  American  Tropins.  During  the  sixteenth 
century  Spaniards  and  Portuguese  had  introduced  this  Indian  cere- 
monial plant  to  European  trade  and  its  seeds  to  European  gardens. 
The  use  of  tobacco  spread  rapidly  into  France  and  England.  In  both 
countries  it  was  planted  to  some  extent  before  the  founding  of  Virginia. 
It  is  not  definitely  known  how  this  tropical  tobacco  came  to  Virginia. 
The  first  plantings  probably  were  of  seed  that  had  been  brought  from 
England.  Fortunately  for  the  success  of  the  Virginia  Colony,  the 
experimental  introduction  of  tobacco  was  made  just  at  the  time  when 
the  English  were  acquiring  the  tobacco  habit,  before  any  English 
colony  had  been  established  in  the  Tropics,  and  under  an  economic 
policy  that  emphasized  production  of  goods  by  Englishmen. 

It  cannot  be  claimed  that  Virginia  had  any  peculiar  climatic  ad- 
vantage in  the  growing  of  tobacco.  But  Virginia  had  an  advantage 
in  being  the  only  English  colony  at  the  time  and  in  the  indifferent 
quality  of  the  leaf  tobacco  produced  in  England ;  and  the  long  and 
equable  summers  of  Virginia,  amply  supplied  with  moisture,  free  of 
hot  dry  winds  and  sudden  sharp  drops  in  temperature,  proved  suffi- 
ciently congenial  to  the  growth  of  this  delicate  plant  of  tropical 
origin.  This  was  the  climatic  discovery  the  Virginians  made  for  Xew 
World  agriculture. 

In  Later  years  the  major  expansion  of  tobacco  was  westward  in  the 
same  latitude  as  Virginia,  continuing  to  the  western  edge  of  the  wood- 
land country.  A  secondary  spread  took  place  southwestward,  through 
the  Piedmont.  After  Virginia.  Kentucky  became  the  next  great 
tobacco  State.  Soon  Tennessee  and  the  lands  north  of  the  Ohio  were 
involved  in  tobacco  planting,  and  by  the  middle  of  the  nineteenth 
century,  St.  Louis  was  the  greatest  tobacco  market,  with  tobacco  fields 
stretching  west  across  Missouri  to  the  Plains. 

The  next  introduction  of  tropical  crops  came  principally  by  way  of 
Charleston,  S.  C.  Shortly  after  Virginia  became  a  tobacco-planting 
colony,  English  settlements  were  established  in  the  smaller  West 
Indian  islands,  most  significantly  in  Barbados.  The  rapid  growth  of 
settlement  and  plantations  soon  crowded  this  and  other  islands,  and 
mi  overflow  of  population  was  directed  to  South  Carolina  after  1670. 
Sugarcane,  indigo.  Barbados,  or  sea-island,  cotton  {Gossypium  barba- 
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dense),  and  rice  were  introduced  as  plantation  crops  in  the  lowlands 
around  Charleston.  Similar  introductions  took  place  around  New 
Orleans  in  the  eighteenth  century  by  the  French,  largely  influenced 
from  Haiti.  Florida  entered  only  slightly  into  this  plantation  de- 
velopment, not  because  of  unsuitable  climate  but  because  of  lack  of 
rich  lowlands  with  deep  soil.  From  the  sea-island  coast  of  South 
Carolina  to  the  Delta  of  the  Mississippi,  tropical  climatic  conditions 
prevail  during  most  of  the  year.  The  principal  difference  in  practice 
here  as  compared  with  that  in  the  West  Indies  was  that  whereas  such 
tropical  crops  as  sugarcane  and  sea-island  cotton  were  treated  as 
perennials  in  the  islands,  winter  frosts  required  annual  planting  in 
South  Carolina  and  Louisiana. 

Last  and  greatest  of  the  plant  introductions  in  the  southern  plan- 
tations was  that  of  upland  cotton  (Gossyjrium  hirsutum).  The  manner 
of  its  appearance  in  the  South  is  obscure.  A  domesticated  plant  of 
Mexico,  it  was,  like  many  New  World  plants,  taken  to  the  Mediter- 
ranean by  Spaniards  in  the  sixteenth  century,  and  soon  it  was  culti- 
vated to  some  extent  along  the  entire  length  of  the  Mediterranean 
shores.  Its  introduction  to  the  English  Colonies  was  perhaps  by 
way  of  southern  Europe.  In  the  eighteenth  century  upland  cotton 
was  rather  commonly  planted  on  a  small  scale  in  the  southern  Colonies, 
chiefly  for  domestic  use.  Commercial  planting  was  made  possible  by 
the  invention  of  the  cotton  gin,  and  the  first  area  of  upland,  or  short- 
staple,  cotton  plantations  was  in  South  Carolina  and  Georgia,  inland 
from  the  old  sea-island  cotton  section. 

The  climatic  background  of  upland  cotton  is  quite  different  from 
that  of  the  sea-island  species.  The  latter  needs  a  large  and  frequent 
supply  of  moisture  and  a  very  long,  warm  growing  season,  reflecting 
its  fully  tropical  origin.  The  upland,  or  Mexican,  cotton  was  bred  in 
a  land  with  much  less  moisture  and  a  shorter  growing  season.  The 
spread  of  upland  cotton  was  principally  westward  from  South  Carolina. 
Historically,  tobacco  dominated  the  upper  South  and  cotton  the  deep 
South.  This  segregation  of  the  Cotton  Belt  from  a  tobacco  and 
general-farming  belt  to  the  north  was  not  wholly  a  matter  of  length 
of  growing  season.  Two  quite  different  farming  systems  were  in 
process  of  spreading  westward.  Cotton  planting  pioneered  the  west- 
ward movement  through  the  warmer  section  of  the  humid  eastern 
hardwood  country.  The  black  prairies  of  Alabama  and  Mississippi 
proved  the  suitability  of  the  crop  to  prairie-land  cultivation.  When 
settlement  reached  them,  the  rich  prairies  of  central  Texas  were  rapidly 
and  most  successfully  added  to  the  Cotton  Belt. 

It  is  somewhat  doubtful  whether  the  history  of  our  cotton  culture 
proves  the  superior  climatic  adaptability  of  our  South,  in  particular 
of  the  Southeast,  for  cotton.  Perhaps  it  records  only  the  establish- 
ment of  a  crop  in  an  area  with  a  reasonably  suitable  climate,  the  long 
dominance  of  the  South  in  world  markets  resting  largely  upon  its 
prior  development  of  cotton  growing  and  marketing. 

AGRICULTURE  IN  THE  NORTHERN  COLONIES 

New  England  was  not  settled  because  of  agricultural  attractions, 
nor  did  agriculture  become  the  chief  interest  of  the  colonists.  Fish 
and  furs,  oaken  ship  timbers,  spars  and  masts  of  white  pine,  and  iron 
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made  from  ore  raked  from  the  floors  of  cool  bogs  were  early  products, 
characteristic  of  the  natural  resources  of  New  England.  Farming 
was  in  many  cases  a  part-time  occupation.  It  appears  that  New 
England  has  scarcely  grown  enough  food  for  its  needs  at  any  time. 
Lack  of  sufficient  areas  of  good  soil  and  a  climate  marked  by  a  brief 
growing  season  and  little  summer  heat  placed  it  at  a  disadvantage 
with  the  Colonies  farther  south. 

In  the  planted  fields  local  kinds  of  short-season  Indian  maize,  beans, 
and  pumpkins  were  grown  side  by  side  with  small  grains  from  Eng- 
land, and  it  appears  that  the  Indian  crops  gave  the  more  satisfactory 
returns. 

In  the  second  half  of  the  seventeenth  century,  English  grasses 
began  to  make  a  noticeable  improvement  in  pastures  and  meadows. 
The  manner  of  their  spread  is  obscure,  but  it  appears  that,  sown  here 
and  there,  they  naturalized  themselves  rapidly  and  soon  displaced  the 
poor  native  grasses.  The  cool  New  England  climate  was  fully  con- 
genial to  the  introduced  European  grasses  and  to  white  clover,  in 
contrast  to  that  in  the  southern  Colonies.  In  the  eighteenth  century, 
one  of  these  European  grasses,  long  established  in  New  England, 
became  perhaps  the  first  important  sown  hay  crop  of  America,  first 
under  the  name  of  "Herd's  grass"  and  then  as  "Timothy  grass." 
With  the  improvement  of  hay  and  pasture,  more  attention  was  given 
to  livestock,  especially  for  meat  production.  Rhode  Island  and  the 
Connecticut  Valley  were  especially  known  in  later  colonial  times  for 
their  beef,  mutton,  and  draft  horses.  These  are  the  chief  earlier 
expressions  of  the  climatic  suitability  of  New  England  for  grass 
rather  than  grain  and  other  tilled  crops.2 

DOMINANT  QUALITIES  OF  AMERICAN  FARMING 
DERIVED  FROM  THE  MIDDLE  COLONIES 

The  basic  pattern  of  the  American  farm  is  derived  chiefly  from  the 
middle  Colonies,  and  thus  from  a  continental  European  as  well  as 
from  an  English  background.  It  was  to  the  middle  Colonies  that  the 
greatest  number  of  people  came  who  were  by  birth  and  training  tillers 
of  the  soil.  Their  coming  was  delayed  sufficiently  so  that  they 
brought  with  them  some  of  the  new  agriculture  that  changed  western 
Europe  so  greatly  in  the  eighteenth  century. 

Unlike  New  England,  the  middle  Colonies  were  not  generally  settled 
as  closely  knit  township  communities  but  as  single  farmsteads. 
Unlike  the  owners  of  plantations  on  the  southern  seaboard,  the  land 
operators  to  the  north  were  themselves  the  tillers  of  the  soil,  occupants 
of  single-family  farms. 

The  contributions  of  Europeans  to  the  Colonies  from  the  Hudson 
to  the  upper  Chesapeake  were  varied.  The  Swedes  and  Finns  are 
credited  in  particular  with  the  introduction  of  the  log  cabin,  which 
became  the  standard  house  of  the  frontier  until  the  sod  house  of  the 
western    prairies    took    its    place.     The    Dutch    contributed    better 

■  Prom  Jared  Eliot's  First  Essay  on  Field  Husbandry  in  New  England  (1747):  "English  Grass  will  not 
subsist  without  a  Winter.  In  the  Southern  Colonies  the  loss  Winter  the  less  Grass.  In  Virginia,  North  and 
South  Carolina,  they  have  no  English  Grass  at  all.  Where  there  is  no  English  Grass,  it  is  difficult  to  make 
Cattle  truly  fat;  so  that  Winter  brines  its  good  as  well  as  its  evil  Things."  In  his  Second  Essay  (1748)  he 
added :  "Red  (lover  is  of  a  quick  Growth  and  will  supply  our  Wants  for  the  present;  a  few  Months  brings 
it  forward  to  an  high  Head:  There  are  few  People  vet  know  the  Value  of  this  beneficial  Grass."  (In  Essays 
Upon  Field  Husbandry  in  New  England  and  Other  Tapers.  174*-17(V2,  Columbia  Univ.  Studies,  1934.) 
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breeds  of  livestock  and  interest  in  dairying,  and  played  a  role  in  the 
introduction  of  European  grasses  and  clovers.  The  Scotch-Irish, 
under  which  term  Irish  and  Scots  are  also  included,  provided  a  large 
proportion  of  the  intrepid  backwoodsmen  who  first  ventured  into  the 
wilderness.  It  is  also  probable  that  they  established  the  culture  of 
the  potato.3 

The  German  settlers  as  a  group  were  most  preoccupied  with  be- 
coming permanently  established  as  farmers  wherever  they  settled. 
They  were  less  mobile  than  the  Scotch-Irish  and  so  are  often  con- 
sidered as  forming  a  second  wave  of  settlement  behind  the  latter,  who 
constituted  an  advance  guard  in  the  movement  inland.  The  Germans 
were  general  farmers,  accustomed  to  animal  husbandry.  They  prac- 
ticed manuring  and,  largely,  crop  rotation.  Notable  improvements 
in  grain  growing  and  stock  breeding  are  credited  to  them.  Archi- 
tecturally they  were  the  creators  of  the  basic  American  barn,  com- 
bining barn,  stable,  granary,  and  wagon  shed  under  one  commodious 
roof  in  the  so-called  Swiss,  Mennonite.  or  bank  barn.  In  contrast  to 
the  English  colonists,  they  stabled  animals  in  bad  weather  and  were 
accustomed  to  stall  feeding.  Other  items  of  importance  to  American 
farm  settlement  credited  to  the  colonists  from  the  Rhine  are  the 
introduction  of  the  rifle,  the  Conestoga  wagon,  and  the  stove  to 
replace  the  English  fireplace.4 

From  all  northwestern  Europe,  farmers  poured  into  the  Colonies 
during  the  eighteenth  century,  settling  from  the  Mohawk  Valley  to 
Pennsylvania  and  in  the  back  country  of  Maryland.  Here  lay  the 
largest  bodies  of  rich  land,  with  a  familiar  climate,  convenient  to  the 
seaboard.  All  the  accustomed  crops  and  livestock  of  Europe  thrived 
here.  The  Old  World  pattern  of  general  farming,  with  emphasis  on 
the  feeding  of  livestock,  was  transferred  here  to  the  Xew  World  with 
one  major  modification — Indian  corn  was  fitted  quickly  into  the  agri- 
cultural economy  and  greatly  increased  the  livestock  capacity  of  the 
farms.  Maize  was  found  to  be  a  stock  feed  superior  to  anything 
known  then  or  now  in  northern  Europe.  Corn,  oats,  wheat,  rye. 
clover,  and  European  grains  formed  a  crop  combination  that  pro- 
vided the  means  of  keeping  more  livestock  and  of  obtaining  sustained 
high  yields.  In  late  colonial  and  post-colonial  times,  these  general- 
crop  and  stock  farmers  spread  this  basic  American  way  of  farming 
westward  and  southwestward.  Indeed,  when  these  farmers,  rein- 
forced by  Xew  Englanders  and  new  arrivals  from  the  north  of  Europe 
in  the  second  quarter  of  the  nineteenth  century,  encountered  the 
prairies  in  the  Old  Northwest  Territory  between  the  Ohio  River  and 
the  Great  Lakes,  they  quickly  found  the  technical  means  of  occupy- 
ing them.  The  prairies  are  still  a  part  of  the  humid  East,  scarcely 
differentiated  climatically  from  the  woodlands  by  which  they  are 
surrounded  on  the  north,  east,  and  south.  The  same  crops  succeed 
in  both  areas.  The  summers  of  Iowa  are  as  hot  n-  those  of  Penn- 
sylvania and  as  much  characterized  by  rains  from  thunderstorms, 
and  so  Indian  corn  found  admirably  suited  condition-  across  tie- 
whole    breadth    of    the    prairie    country.     Fall,    winter,    and    spring 


1  Earlier  introductions  of  pot  ttoes  occurred,  but  their  cultivation  did  not  become  common  until  the  eight- 
eenth century.  Then  they  appear  in  localities  with  colonists  from  Ireland,  su  ork,  and  in  the 
back  country  of  New  England  where  Scotch-Irish  settlements  were  m 

4  A  brief  account  and  a  good  bibliography  will  he  found  in:  ShkTO  k,  Kkiuku  B.     PBKH8TLT4 
.   4MKB1CAN  HISTORY.       1' 
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er  in  the  prairie  State?  are  equally  congenial  to  the  small  grains, 
g     ssee    rod  clovers  from  northern  Europe.     Hence  the  mid  die-colon  v 
rn  of  farming  easily  became  the  famous  corn-clover-oats  rotation 
of  the  prairie  States,  with  hogs  as  the  primary  market  product. 

In  the  development  of  the  forested  Great  Lakes  States,  corn  was 
largely  eliminated  by  reason  of  the  reduced  sunnner  warmth.  Here 
the  pattern  of  agriculture  became  almost  identical  with  that  of  the 
climatically  very  similar  Baltic  countries.  Dairy  products,  potatoes 
and  other  root  crops,  and  some  small  grains  constitute  an  agricultural 
complex  suited  to  short,  cool  summers.  Xew  En  glanders  "and  Scan- 
dinavians were  dominant  groups  that  found  a  continuation  of  accus- 
tomed climatic  conditions  in  the  new  country.5 

-al  references:  dram,  Lyman,    tei  -  of  AGRicrLTTRE  in  americ*     323  pp    illus 

r-2L    Bum;  .nd  Falconer,  John  I.    history  of  agrkt-lttre  in  the 

xosTEifixrxTTED  states,  lW  inn    Carnegie  Inst.  Wash.  Pub.  558,  512  pp..  Illus. 
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The  interior  subhumid  lands  of  the  United  States  are  intermediate 
in  climate  as  well  as  in  position  between  the  humid  East  and  the  dry 
West.  Within  this  extensive  belt  of  territory  stretching  from  beyond 
the  Canadian  border  to  the  Gulf  of  Mexico,  annual  precipitation 
exceeds  potential  evaporation  but  usually  not  by  a  very  great  margin. 
Generally,  therefore,  the  climate  of  the  subhumid  lands  errs  on  the 
side  of  having  too  little  precipitation  and  too  many  droughts  rather 
than  too  much  rainfall.  The  dryness  increases  from  east  to  west. 
In  a  general  way  the  interior  subhumid  lands  are  coincident  with  the 
prairies,  the  region  of  tall  grasses — only  in  central  Illinois  do  extensive 
prairies  extend  eastward  well  beyond  the  subhumid  region. 

CLIMATE  AND  ASSOCIATED  ELEMENTS 
OF  EARTH  EQUIPMENT 

Temperature  2 

Lying  as  it  does  in  the  heart  of  a  great  land  mass,  the  region  has  a 
climate  strikingly  continental  in  character,  with  winters  relatively 
cold  and  summers  relatively  warm  for  the  latitude.  Since  the  sub- 
humid lands  extend  through  such  a  spread  of  latitude,  from  near  the 
subarctic  margins  well  into  the  sub  tropics,  there  are  bound  to  be 
marked  differences  in  temperature  from  north  to  south.  Midwinter 
months  in  North  Dakota  and  northwestern  Minnesota  have  an  average 
temperature  of  about  5°  F.;  in  Nebraska  and  Kansas  the  comparable 
figures  are  25°  and  30°,  while  in  southern  Texas  the  January  mean  is 
50°  to  55°.  Thus  it  becomes  evident  that  winters  are  nearly  50° 
warmer  in  the  extreme  southern  prairies  than  in  the  northern.  The 
temperature  gradient  is  remarkably  steep,  averaging  about  2.5°  F. 

2  Maps  showing  the  distribution  of  annual  rainfall  and  of  the  seasoned  temperatures  in  the  prairie  States 
are  given  in  Part  5  of  this  book. 
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for  each  latitude  degree  of  approximately  70  miles.  Rapid  and  irreg- 
ular rises  and  falls  in  temperature  are  much  more  characteristic  of 
winter  than  of  summer. 

On  typical  midwinter  days  in  northern  North  Dakota  the  night 
temperatures  drop  to  about  —10°  F.,  while  the  highest  daytime 
temperatures  are  below  20°.  Throughout  most  midwinter  days 
temperatures  remain  well  below  freezing.  In  southern  Texas  on  the 
other  hand  the  thermometer  remains  above  freezing  on  the  majority 
of  January  nights,  and  midday  temperatures  rise  to  over  60°.  During 
a  normal  winter  in  North  Dakota  the  thermometer  sinks  to  —35°  or 
—40°,  and  lows  of  —50°  to  —60°  have  been  recorded.  Toward  the 
southern  limit  of  the  prairies  in  southern  Texas  the  usual  winter  has 
one  or  more  cold  spells  when  temperatures  may  reach  20°  or  below, 
and  on  occasions  they  have  sunk  nearly  if  not  quite  to  zero.  Such 
occasional  low  temperatures  for  subtropical  latitudes  of  30°  and  less 
in  a  region  where  the  average  January  temperatures  are  relatively 
high  are  characteristic  of  the  American  South.  The  great  thrusts  of 
polar  air  that  spill  out  of  the  arctic  plains  of  Canada  in  winter  spread 
rapidly  southward  over  a  relatively  level  surface  with  few  orographic 
barriers  so  that  this  polar  air  is  still  cold  when  it  arrives  in  the  normally 
mild  Gulf  States. 

Winter  weather  is  variable  in  character  as  a  result  of  the  procession 
of  cyclones  and  anticyclones  that  cross  the  region  with  their  associated 
tropical  and  polar  air  masses.  Certain  winter-weather  types  such  as 
the  blizzard  and  the  cold  wave  are  especially  well  known  on  the 
prairies.  In  Texas  the  cold  wave  is  called  a  "norther,"  and  this  blast 
of  arctic  air  may  bring  a  sudden  drop  in  temperature  of  50°  F.  or 
more  in  2  or  3  hours.  Even  more  to  be  feared  is  the  blizzard  with 
its  driving  winds,  bitter  cold,  and  fine,  dry  snow.  Fortunately  these 
blinding  snow  squalls  are  not  frequent,  for  they  are  dangerous  alike  to 
men  and  to  beasts  exposed  to  their  fury.  Shut  in  by  a  shroud  of  snow 
one  loses  all  sense  of  direction,  and  people  have  perished  within 
calling  distance  of  their  homes. 

In  summer  the  temperatures  of  the  prairie  lands  show  less  contrast 
from  north  to  south.  July  averages  65°  F.  or  less  in  the  north,  about 
75°  in  Kansas  and  Nebraska,  and  80°  to  85°  in  Texas.  The  rate  of 
change  in  temperature  between  north  and  south  in  the  warm  season, 
therefore,  is  only  about  one-third  of  that  in  winter.  Midsummer 
days  have  maximum  temperatures  of  80°  and  more  in  North  Dakota, 
while  in  Texas  they  characteristically  exceed  90°.  Over  the  prairies 
in  general  temperatures  have  been  known  to  exceed  110°. 

These  great  contrasts  in  temperature  between  the  northern  and 
southern  parts  of  the  subhumid  lands  create  equally  great  contrasts 
in  their  potentialities  for  human  use  and  lead  to  marked  differences 
in  agricultural  specialization.  Thus  the  growing  season  is  only  3  to  4 
months  in  northern  North  Dakota,  while  it  is  8  to  9  months  in  Texas. 

Precipitation 

Although  the  region  under  discussion  is  all  classed  as  subhumid, 
there  are  considerable  regional  contrasts  in  the  total  average  amount 
of  precipitation  received  each  year.  The  western  boundary  separating 
the  subhumid  from  the  dry  lands  receives  close  to  18  inches  of  pre- 
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cipitation  in  the  north  and  about  25  inches  in  Texas.  Higher  tem- 
peratures and  consequent  increased  evaporation  in  the  south  cause 
the  rainfall  there  to  be  relatively  less  effective  for  plant  growth. 
Rainfall  on  the  eastern  or  humid  boundary  of  the  subhumid  lands 
varies  from  less  than  30  inches  in  northeastern  Minnesota  to  45  inches 
in  Texas.  Probably  30  inches  is  not  far  from  the  median  for  the 
whole  area. 

Throughout  much  of  the  larger  part  of  the  region  precipitation  is 
concentrated  in  the  warm  season  of  the  year  when  it  is  most  effective 
for  the  growing  crops.  This  concentration  in  summer  is  especially 
significant  for  agriculture  in  the  northern  sections  where  the  growing 
season  is  relatively  short,  and  in  the  western  sections  where  the  total 
amount  of  rainfall  is  less.  In  both  of  these  sections  a  high  degree  of 
coincidence  between  rainfall  and  the  growing  season  is  essential. 

The  concentration  of  the  year's  rainfall  in  the  summer  season  is 
associated  with  the  prevalence  over  the  region  of  warm  tropical  air 
masses  in  summer,  in  contrast  to  cold  polar  air  masses  in  winter. 
The  former  not  only  have  a  higher  capacity  for  moisture  because  of 
their  higher  temperatures,  but  they  have  their  origin  over  the  Gulf 
of  Mexico.  To  be  sure,  a  considerable  part  of  the  moisture  is  pre- 
cipitated before  the  Gulf  air  reaches  the  prairies,  which  accounts  for 
their  being  less  humid  than  regions  farther  east. 

Not  only  does  most  of  the  precipitation  fall  during  the  warm 
season,  but  it  is  concentrated  in  the  early  part  of  summer,  June 
usually,  or  occasionally  even  May,  being  the  rainiest  month.  In 
cereal-growing  regions  this  early-growing-season  precipitation  is  very 
significant,  for  it  assures  the  grain  crops  of  adequate  water  during  the 
stalk-forming  period,  when  it  is  most  needed.  A  somewhat  drier 
July  and  August  aid  in  ripening  the  grain  and  hardening  the  kernels. 
The  fact  that  the  maximum  rainfall  precedes  the  time  of  greatest 
heat  is  associated  with  the  steeper  lapse  rate  in  early  summer.  A 
relatively  meager  snow  cover  allows  for  a  rapid  advance  of  spring; 
the  ground  and  the  lower  air  warm  rapidly,  and  the  upper  air  more 
slowly.  As  a  consequence  the  temperature  contrasts  between  upper 
and  lower  air  are  at  a  maximum  in  early  summer,  with  resulting 
instability  and  strong  convection  currents. 

Much  of  the  summer  precipitation  falls  in  the  form  of  sharp  con- 
vectional  showers,  often  accompanied  by  thunder  and  lightning. 
In  the  southern  and  central  prairies  a  large  number  of  the  warm- 
season  showers  are  of  this  type — a  result  of  excessive  surface  heating 
of  unstable  Gulf  air.  These  are  the  so-called  local  or  heat  thunder- 
storms associated  with  towering  cumulo-nimbus  clouds  on  sultry 
summer  afternoons.  Farther  north  this  type  of  storm  becomes  less 
common,  and  more  of  the  rain  is  caused  by  the  forcing  up  of  warm 
Gulf  air  over  a  wedge  of  cooler  polar  air.  Where  this  upthrust  is 
strong,  severe  cold-front  or  wind-shift  thunderstorms  with  occasional 
hail  are  likely  to  result. 

Summer  rains  of  the  convectional  type  are  likely  to  be  relatively 
vigorous  but  not  of  long  duration.  On  sloping  plowed  fields  such 
rains  are  powerful  removers  of  topsoil.  On  the  other  hand  they 
permit  a  maximum  of  sunshine  for  the  amount  of  rain  that  falls,  a 
combination  that  is  ideal  for  a  crop  such  as  corn.  Winter  precipita- 
tion is  almost  exclusively  frontal  or  cyclonic  in  origin  and  is  associated 
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with  gray  overcast  skies.  Snow  falls  throughout  the  entire  subhumid 
region  although  southern  Texas  receives  less  than  1  inch  a  year. 
The  average  number  of  days  with  snow  cover  decreases  with  consider- 
able regularity  from  120  along  the  Canadian  border  to  less  than  1 
in  southern  Texas.  Most  of  the  Winter  Wheat  Belt  has  a  protective 
snow  cover  during  only  30  days  or  less.  But  no  matter  what  the 
season  or  the  type  of  precipitation,  the  source  of  moisture  for  the 
subhumid  lands  is  largely  tropical  air  brought  in  from  the  Gulf  of 
Mexico. 

Although  rainfall  is  much  less  fickle  than  in  the  semiarid  Great 
Plains  farther  west,  years  of  deficient  rainfall  are  by  no  means  un- 
common in  the  subhumid  lands.  Dependability  becomes  increasingly 
greater  from  west  to  east  on  the  prairies.  Over  the  western  prairies 
in  particular  occasional  hot  dry  summers  may  cause  disastrous 
reductions  in  crop  yields.  Russell  has  shown  that  the  subhumid 
prairie  lands  are  fairly  wrell  bounded  on  the  west  by  the  line  between 
10  and  more  than  10  dry  or  semiarid  years  in  20,  and  on  the  east  by 
the  line  between  0  and  1  dry  year  in  20.  In  other  words,  in  the 
subhumid  lands  from  1  to  10  years  out  of  20  are  likely  to  be  so  defi- 
cient in  rainfall  as  to  be  designated  as  dry  or  semiarid  (6,  pis.  31  and 
32). 3 

Native  Vegetation 

The  original  native  vegetation  of  much  the  larger  part  of  the 
subhumid  lands  was  a  cover  of  tall  prairie  grasses  which  at  maturity 
attained  heights  of  3  to  10  feet.  A  great  variety  of  gay  flowering 
plants  such  as  phloxes,  spiderworts,  shootings  tars,  and  violets  grew 
among  the  tall  grasses  so  that  in  the  spring  the  prairies  had  the 
appearance  of  a  great  flower  garden.  Except  along  watercourses 
trees  wrere  largely  absent.  On  the  east  the  prairies  were  bounded  by 
forests  while  on  the  west  they  were  terminated  by  the  short-grass 
steppes  or  plains.  Both  boundaries  are  transitional  or  gradual  rather 
than  abrupt.  Decreasing  and  uncertain  precipitation  determines  the 
prairie-steppe  boundary,  which  fairly  well  coincides  with  the  line 
(isarithm)  of  10  dry  years  in  20  (6,  pi.  32).  Here  the  zone  of  moist 
soil  extends  to  a  depth  of  less  than  2  feet  below  the  surface,  and  the 
subsoil  is  permanently  dry. 

The  prairie-forest  boundary  is  not  entirely  understood.  It  coincides 
reasonably  well  with  the  isarithm  of  1  dry  year  in  20  (6,  pi.  32) 
and  with  Thorn thwaite's  precipitation-effectiveness  isarithm  of  64  (8, 
Jig.  2,  p.  64-2).  This  seems  to  suggest  a  climatic  explanation  (9,  pp. 
10-13).  Many  ecologists,  however,  differentiate  between  the  western 
or  true  prairie,  where  there  is  a  permanently  dry  subsoil,  and  the 
eastern  prairies  which,  they  suggest,  are  an  induced  grassland  growing 
in  a  climate  satisfactory  for  trees  (7,  p.  16;  10,  p.  843).  Prairie  fires 
and  possibly  buffalo  are  often  mentioned  as  the  nonclimatic  factors 
which  tended  to  present  the  establishment  of  forest  in  the  eastern 
prairie  lands,  where  rainfall  is  sufficient  to  maintain  a  moist  subsoil 
(3,  pp.  79-81;  7,  p.  16;  10,  p.  843).  The  boundary  between  the  western 
and  eastern  prairies  extends  through  western  Minnesota,  eastern 
Nebraska,  and  eastern  Kansas. 

■  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  176. 
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Soils 

Two  of  the  earth's  most  fertile  zonal  soils  are  characteristic  of  the 
American  subhumid  prairie  lands.  Toward  the  drier  margins,  and 
therefore  roughly  coinciding  with  the  area  known  as  the  true  prairie, 
is  the  Chernozem  (10,  pp.  843,  1075).  Dark  brown  to  black  in  color, 
high  in  organic  matter  and  mineral  plant  foods,  excellent  in  structure, 
Chernozem  outranks  all  other  zonal  soils.  Because  rainfall  is  relatively 
meager,  water  does  not  penetrate  deeply,  and  a  zone  of  lime  accumu- 
lation occurs  at  a  depth  of  several  feet.  Farther  east  where  the  greater 
rainfall  penetrates  deeper  to  form  a  moist  subsoil  and  the  zone  of 
lime  accumulation  is  lacking,  Chernozems  give  way  to  Prairie  soils 
(10,  pp.  843,  1052).  Subjected  to  somewhat  more  leaching  than 
Chernozems  and  not  quite  their  equal  in  fertility,  the  Prairie  soils 
are  nevertheless  excellent  soils.  Moreover,  they  exist  in  a  somewhat 
better  climatic  environment  and  consequently  are  somewhat  easier 
to  use. 

It  becomes  obvious  from  the  foregoing  analysis  of  the  climate  and 
associated  physical  elements  of  the  American  subhumid  lands  that 
this  is  a  region  of  most  imusual  natural  potentialities.  No  other 
region  of  the  earth  of  equal  size  is  so  well  endowed  physically — in 
surface  configuration,  soil,  and  climate — for  agricultural  use.  Drought 
is  the  one  serious  natural  handicap.  The  natural  prairies  provided 
superb  grazing,  but  the  total  physical  environment  was  of  too  high 
a  grade  for  settlers  to  permit  the  original  native  vegetation  to  remain, 
and  during  the  three  decades  from  1850  to  1880  most  of  it  went  under 
the  plow.  Today  native  prairie  is  almost  a  museum  specimen.  Never 
before  in  modern  world  history  had  white  settlers  entered  into  such 
a  "promised  land,"  and  never  can  they  again,  for  no  such  frontiers 
remain.  The  occupying  of  the  American  prairies  was  an  event  of 
epochal  significance  for  the  Nation  and  for  the  world. 

SETTLEMENT  OF  THE  PRAIRIES 

By  1840  to  1850  the  westward  movement  of  settlers  had  emerged 
from  the  timber  and  reached  the  eastern  edge  of  the  prairies.  For 
over  200  years  pioneers  had  been  developing  frontier  homes  in  the 
eastern  forests.  The  ax  and  the  log  cabin  were  symbols  of  this 
conquest.  But  now  as  they  faced  the  open  grasslands  they  hesitated, 
for  this  strange  environment  posed  new  and  difficult  problems  of 
settlement.  Whether  to  attempt  to  occupy  the  prairie  in  front  of 
them  or  to  move  on  to  the  humid  timbered  country  of  the  Pacific 
Northwest  where  they  would  feel  more  at  home  was  a  difficult  de- 
cision to  make.  Many  chose  the  long  and  difficult  overland  trip 
to  the  Oregon  country  rather  than  attempt  to  develop  homes  on  the 
adjacent  Illinois  and  Iowa  prairies.  "They  were  bound  for  the  land 
where  the  simple  plow,  the  scythe,  the  ox,  and  the  horse  could  be 
used  according  to  the  tradition  that  had  been  worked  out  in  two 
centuries  of  pioneering  in  a  wooded  country"  (11,  p.  149).  They 
sought  the  familiar  and  shunned  adaptation  to  the  grasslands. 

It  is  no  doubt  true  that  many  settlers  coming  from  the  East  were 
skeptical  about  any  soil  that  did  not  grow  trees  (1 ,  4).  For  decades 
they  had  come  to  recognize  the  quality  of  land  from  the  kind  and 
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abundance  of  timber  it  produced  (1,  p.  158).  Where  there  were  no 
trees  the  fertility  of  the  soil  was.  temporarily  at  least,  under  suspicion. 
In  Kentucky  large  tracts  without  trees  had  been  termed  "barrens" 
(4,  p.  92).  Moreover  the  American  settlers  had  developed  a  feeling 
of  companionship  with  timber;  it  gave  them  a  sense  of  protection. 
They  had  developed  technological  skills  for  clearing  the  forest  and 
establishing  farms  in  its  midst.  It  is  only  natural  that  they  should 
at  first  shrink  from  the  openness  and  strangeness  of  the  exposed 
prairie. 

Fortunately  they  were  introduced  to  the  grasslands  in  something 
less  than  their  most  formidable  form — the  oak  openings  (7,  p.  267). 
These  they  did  not  seem  to  avoid,  for  timber  not  only  surrounded 
these  local  prairies,  but  excellent  trees  dotted  the  openings,  giving 
them  somewhat  the  appearance  of  an  orchard.  Moreover,  in  such 
locations  the  sod  was  much  less  tough  than  on  the  genuine  prairies 
farther  west.  Up  to  about  1850  settlement  had  been  chiefly  in  the  oak 
openings  near  the  junction  of  prairie  and  timber,  while  the  open 
prairie  remained  largely  unoccupied.  The  earliest  advance  into  the 
real  grasslands  was  by  way  of  the  river  valleys  so  that  the  settlement 
pattern  distinctly  followed  the  rivers  (2,  pp.  126,  255-256).  Here 
were  water  and  timber  and  some  protection  against  the  elements. 
Gradually  settlement  spread  laterally  from  the  valleys  to  the  wide 
grass-covered  areas  between  the  rivers,  but  this  stage  presented  a 
number  of  serious  problems  to  the  pioneer  farmer,  requiring  important 
adjustments  in  farming  techniques  and  the  development  of  new  types 
of  equipment. 

The  lack  of  timber,  a  resource  which  had  been  prodigal  in  the  humid 
East  and  on  which  the  American  pioneer  had  come  to  depend,  was  a 
most  serious  handicap.  From  timber  he  had  built  his  house,  barns, 
and  other  outbuildings.  Fuel  and  fencing  materials  were  obtained 
from  the  same  source.  Out  of  wood  many  of  his  tools,  or  parts  of 
them,  were  constructed,  and  his  household  furnishings  as  well.  The 
forest  likewise  sheltered  numerous  animals  which  were  an  important 
source  of  food. 

Water  as  well  as  timber  was  a  resource  which  the  pioneer  had 
somewhat  taken  for  granted  in  the  humid  East.  But  on  the  prairie 
uplands,  away  from  the  rivers,  it  was  not  easy  to  obtain.  Ground 
water  was  not  uncommonly  100  to  200  feet  below  the  surface,  and 
timber  and  rock  for  shoring  the  walls  of  such  deep  wells  were  often 
lacking. 

The  roads  on  the  prairies  were  nearly  impassable  because  of  mud 
in  the  spring,  and  surfacing  materials  were  scarce  in  many  places. 
Rivers  were  fewer  and  less  navigable  than  in  the  East,  and  the  prob- 
lem of  getting  produce  to  market  was  discouraging.  The  prairie 
sod  was  so  tough  that  several  yoke  of  oxen  were  required  on  the 
breaking  plow,  and  many  pioneer  farmers  lacked  sufficient  capital  to 
purchase  the  required  draft  animals.  Moreover,  the  wooden  mold- 
board  plow  and  even  the  cast-iron  plow  used  in  the  forest  soils  of  the 
East  would  not  scour  properly  in  the  prairie  soil.  A  new  type  of 
plow  was  required. 

Somewhat  compensating  for  these  handicaps  was  the  soon-dis- 
covered advantage  of  an  unusually  fertile  soil  and  the  quickness 
with  which   that  soil  could  be  made  to  produce.     The  grubbing  of 
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trees  and  removal  of  undergrowth  to  open  a  farm  of  100  acres  in  the 
forest  had  required  years  of  arduous  labor.  Here  was  country  that 
could  be  brought  into  production  within  a  year. 

By  1850  the  American  frontier  lay  close  to  the  eastern  margins  of 
the  subhumid  or  prairie  lands  (5,  p.  430).  The  first  period  of  American 
colonization,  that  of  the  forest,  was  at  an  end,  and  the  second,  that 
of  the  grasslands,  was  beginning.  Webb  has  described  the  boundary 
between  the  civilization  of  the  grasslands  and  that  of  the  eastern 
timberlands  as  an  "institutional  fault,"  using  fault  in  the  geological 
sense  of  a  sharp  break  or  dislocation  (11,  p.  8).  At  this  fault  the 
ways  of  living  changed;  many  of  the  institutions  carried  across  it 
were  either  broken  and  remade  or  else  greatly  altered.  Methods  of 
tilling  the  soil,  agricultural  machinery,  weapons,  methods  of  trans- 
portation, and  even  laws  were  greatly  modified.  In  the  quarter 
century  following  1850  a  combination  of  events  occurred  that  was 
critically  favorable  for  the  advance  of  settlement  into  the  grasslands. 
There  were  practically  no  railroads  on  the  prairies  in  1850;  by  1860 
9  or  10  had  reached  the  Mississippi  north  of  St.  Louis  and  at  least 
half  a  dozen  had  crossed  the  river  into  Iowa  and  northern  Missouri; 
by  1870  the  western  prairies  had  been  crossed  in  Nebraska  and 
Kansas.  The  meat  and  wheat  from  the  cheap  western  lands  were 
thus  carried  to  the  eastern  markets.  Contemporaneously  there  was 
taking  place  in  the  East,  as  a  result  of  increasing  industrialization  and 
urbanization,  a  rapid  increase  in  population  and  therefore  of  potential 
markets  for  the  food  products  of  the  West.  Invention,  or  at  least 
widespread  use,  of  such  farm  equipment  and  machinery  as  barbed 
wire,  the  drilling  machine,  the  windmill,  reaper,  steel  plow,  mower, 
and  thresher  during  this  period  overcame  many  of  the  natural  handi- 
caps to  settlement  on  the  prairies. 

As  settlement  crept  farther  and  farther  west  toward  the  Great 
Plains  there  was  increasing  dependence  upon  sod  as  a  building  ma- 
terial. The  crudest  form  of  house  was  an  excavation  in  the  side  of  a 
hill,  with  a  front  wall  of  cut  turf  or  logs  and  a  roof  made  of  poles 
covered  with  grass  and  dirt  sloping  back  to  the  hill.  The  sod  house 
was  not  so  quickly  made  but  it  was  more  satisfactory.  To  obtain 
the  sod  slabs  for  building,  furrows  were  turned  on  about  half  an  acre 
where  the  sod  was  strongest  and  then  a  spade  was  used  to  cut  it  into 
blocks  about  3  feet  long  (2,  pp.  110-113).  Houses  of  these  materials, 
although  dark  and  hard  to  keep  clean,  were  cool  in  summer  and  warm 
in  winter  and  they  could  not  be  destroyed  by  prairie  fire.  Their 
average  life  was  6  or  7  years. 

With  his  home  built,  the  prairie  settler  had  to  plan  immediately 
for  obtaining  fuel  and  water.  Just  as  the  first  settlers  built  along 
the  streams  because  of  the  availability  of  wood  and  water,  so  the 
upland  pioneers  also  went  to  the  valleys  for  wood.  There  they  cut 
fuel  from  the  railway  grants  and  from  the  lands  of  eastern  speculators, 
often  hauling  firewood  of  the  poorest  quality  as  far  as  20  to  40  miles 
to  their  homes.  Stove  ovens  were  kept  full  of  green  cottonwood, 
drying  it  out  to  make  it  fit  to  burn.  Later  settlers  even  grubbed  the 
stumps.  Buffalo  and  cow  chips  also  were  collected  for  fuel.  Settlers 
welcomed  having  a  cowboy  bed  his  trail  herd  on  their  land,  for  this 
meant  several  hundred  pounds  of  cow  chips.  The  most  universal 
fuel  on  the  prairies  probably  was  dry  grass  twisted  into  knots  called 
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"cats"  (2,  pp.  255-260).  Homes  were  piled  full  of  "cats"  in  winter 
and  a  large  pile  of  hay  was  kept  near  the  house  to  provide  fuel  during 
an  occasional  severe  storm.  Even  special  hay-burning  stoves  were 
invented  and  put  on  the  market.  After  the  corn  crop  was  established, 
new  fuel  in  the  form  of  corncobs  and  stalks  was  available. 

The  first  settlers  on  the  uplands  hauled  not  only  fuel  but  likewise 
water,  stored  in  barrels,  from  the  river  valleys.  Such  hauling  took  a 
great  deal  of  their  time.  Cisterns  were  dug,  rain  barrels  were  em- 
ployed, and  hollows  were  even  excavated  in  which  surface  run-off 
would  collect  to  form  ponds.  Sooner  or  later,  however,  a  deep  well 
had  to  be  dug.  Some  were  over  200  feet  in  depth,  and  all  of  the 
excavating  was  done  with  pick  and  shovel.  Drilled  wells  were  ex- 
pensive, costing  approximately  $1  a  foot,  but  after  the  windmill  was 
invented  and  came  into  general  use  in  the  late  sixties  and  early 
seventies  the  water  problem  of  the  prairie  farmer  was  solved  (2,  p. 
261).  On  the  level  grasslands  of  the  interior  United  States  where 
friction  is  small,  wind  velocities  are  higher  on  the  average  than  in 
most  of  the  country.  To  such  a  region  the  windmill  is  ideally  suited. 
Webb  is  responsible  for  the  statement,  "Barbed  wire  and  windmills 
made  the  settlement  of  the  West  possible"  (11,  p.  280). 

The  high  cost  of  fencing  in  the  grasslands  was  one  of  the  important 
factors  retarding  their  settlement.  In  1871  it  was  estimated  that  the 
cost  of  fence  on  the  prairie  was  100  to  400  percent  higher  than  in  the 
East  and  maintenance  was  90  to  200  or  more  percent  higher  (11,  p. 
286).  Some  writers  go  so  far  as  to  say  that  the  invention  of  barbed 
wire  in  the  early  1870's,  even  more  than  the  railroads,  made  close 
settlement  of  the  western  prairies  possible  (11,  p.  S17).  It  was 
invented  by  a  prairie  farmer  in  the  early  seventies  and  was  particu- 
larly adapted  to  the  grasslands.  Cheap  and  easy  to  set  up,  a  barbed- 
wire  fence  was  an  excellent  barrier  against  animals,  collected  no 
snowdrifts,  and  was  not  demolished  by  high  winds. 

Prairie  farming  was  predatory  in  character,  no  thought  being  given 
to  conserving  the  soil.  To  the  easterner  this  looked  like  poor  farming, 
but  at  least  it  was  the  most  profitable  type  on  the  rich  black  soil  of 
the  prairies.  To  his  steel  plow  the  pioneer  farmer  hitched  his  two  to 
six  yoke  of  oxen,  some  of  them  probably  borrowed  from  a  neighbor, 
and  broke  the  tough  virgin  sod.  This  was  hard  work,  but  chiefly  for 
the  draft  animals,  for  the  human  labor  required  was  negligible  when 
compared  with  that  necessary  to  clear  a  woodland  farm.  On  the 
prairie  the  requirement  was  in  the  form  of  animal  power  and  efficient 
machines.  After  2  or  3  years  the  sod  was  so  decomposed  that  the 
prairie  soil  was  easily  worked.  Even  in  the  freshly  turned  sod  a 
settler  might  obtain  an  immediate  crop  of  sod  corn  and  potatoes, 
while  crops  of  wheat,  barley,  and  oats  were  possible  the  second  year. 
With  such  extraordinarily  fertile  soils  and  the  use  of  all  kinds  of  im- 
proved labor-saving  machinery  easily  operated  on  the  level  land  the 
prairie  farmer  produced  cheaply  and  sold  to  the  rapidly  expanding 
eastern  markets.  Cattle  and  sheep  were  adjuncts  of  general  farming 
to  the  prairie  settler,  who  found  that  the  range  provided  excellent 
feed.  His  animals  were  often  allowed  to  graze  all  year  round  with 
only  the  protection  offered  by  a  straw  stack  or  a  board  fence.  Wheat 
earlv  became  the  great  commercial  crop  of  the  northern  prairies, 
while  corn  was  used  for  feeding  cattle  and  bogs.     The  reaper,  thresh- 
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ing  machine,  and  mower  had  all  been  invented  and  adapted  before 
1860,  so  that  extensive  cereal  farming  was  made  relatively  easy.  By 
approximately  1900  the  present  specialized  agricultural  regions  of 
the  prairies  (spring  wheat,  winter  wheat,  corn,  and  cotton)  had  be- 
come definitely  established. 

Prairie  farming,  however,  was  not  entirely  a  bonanza.  Nature 
was  not  always  smiling.  In  summer,  drought  and  hot  winds  too 
often  withered  the  flourishing  crops,  and  insect  pests  likewise  took  a 
heavy  toll.  In  late  summer  and  autumn  the  disastrous  prairie  fires 
swept  the  grasslands,  destroying  crops,  fences,  and  sometimes  farm- 
steads as  well.  In  winter  the  dreaded  blizzards  caused  large  losses 
among  the  animals.  But  in  spite  of  these  handicaps  the  American 
prairies  hold  their  own  as  the  heart  of  agricultural  America  and  one 
of  the  world's  superior  farming  regions. 
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Climate  and  Settlement 
in  the  Great  Plains 


By  C.  Warren  Thornthwaite 


IN  A  DESERT,  you  know  what  to  expect  of  the  climate  and 
plan  accordingly.  The  same  is  true  of  the  humid  regions. 
Men  have  been  badly  fooled  by  the  semiarid  regions  because 
they  are  sometimes  humid,  sometimes  desert,  and  sometimes  a 
cross  between  the  two.  Yet  it  is  possible  to  make  allowances 
for  this  too,  once  the  climate  is  understood.  The  author  argues 
that  the  semiarid  regions  are  now  understood  well  enough  to  do 
a  good  job  uilh  l hern  and  avoid  the  failures  and  tragedies  of  the 
past. 


:  C.  Warren  'I  hornthwaite  la  ( !hicf,  Climatic  and  Physiographic  I  Hrision,  Office  of  Research,  Boil  Con- 
TVation  Service. 
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THE  CLIMATIC  SETTING 

The  Great  Plains,  extending  in  a  continuous  belt  300  to  400  miles 
wide  from  Mexico  into  Canada,  comprise  the  largest  uninterrupted 
area  with  semiarid  climate  in  North  America.  For  the  most  part 
they  are  high  plains  ranging  from  3,000  feet  above  sea  level  along 
their  eastern  margin  to  more  than  4,000  feet  where  they  give  way  to 
the  steep  eastern  slopes  of  the  Rocky  Mountains.  Rainfall  is  scanty, 
averaging  less  than  20  inches  annually  except  in  the  warmer  southern 
portion,  and  only  slightly  more  than  10  inches  in  the  north.  The 
variability  of  the  rainfall  is  great;  almost  everywhere  the  driest  year 
brings  less  than  10  inches  and  the  rainiest  more  than  three  times  as 
much. 

In  the  eastern  part  of  North  America  nearly  all  rainfall  is  caused 
by  the  interaction  of  great  masses  of  air  originating  over  the  vast 
arctic  tundra  of  northern  Canada  and  over  the  Gulf  of  Mexico  and 
the  Atlantic  between  Bermuda  and  the  Bahamas.2  In  the  northern 
region  the  air  becomes  cold,  dry,  and  heavy  and  is  called  polar  conti- 
nental; in  the  southern,  it  becomes  warm,  very  moist,  and  light  and 
is  called  tropical  maritime.  At  irregular  intervals  the  polar  conti- 
nental air  masses  advance  southward  and  eastward,  spreading  across 
the  area  east  of  the  Rockies,  where  they  generally  encounter  along 
their  route  maritime  air  advancing  northward  from  the  Gulf  or  the 
Atlantic.  Being  lighter  and  more  moist,  the  maritime  air  is  forced 
to  ascend,  is  cooled,  and  yields  a  portion  of  its  water  vapor  as 
precipitation. 

The  path  followed  by  the  tropical  maritime  air  characteristically 
curves  across  the  Gulf,  up  the  Mississippi  Valley,  and  thence  east- 
ward to  the  Atlantic,  thus  tending  to  avoid  the  Great  Plains  alto- 
gether.    The  tropical  air  masses  which  flow  northward  across  the 

•  \   more  detailed  discussion  of  air  masses  and  their  interaction  is  presented  in  The  Scientific  Basis  of 
Modern  Meteorology, p.  599. 
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Plains  come  generally  from  the  dry  plateau  of  Mexico  and  are  warm 
but  contain  little  water  vapor.  When  this  air  comes  in  contact  with 
the  cold,  heavy  air  from  the  north  it.  too,  is  forced  up.  but  little 
precipitation  results  from  the  consequent  cooling. 

The  moist  air  from  the  Gulf,  however,  does  not  always  avoid  the 
Great  Plains.  Most  of  the  precipitation  there,  a?  farther  east,  is 
due  to  the  incursions  of  tropical  maritime  air.  The  farther  the 
tropical  air  has  traveled  from  its  source  of  moisture,  the  drier  it 
becomes  and  the  less  will  be  the  precipitation  that  results  from  its 
cooling.  Thus  there  is  a  gradual  decrease  in  average  annual  precipita- 
tion from  approximately  25  inches  in  south  Texas  to  less  than  12 
inches  in  northern  Montana. 

Occasionally  masses  of  especially  moist  tropical  air  enter  the 
Plains  region  and  collide  with  dry  polar  air  with  such  force  that 
violent  rainstorms  and  heavy  precipitation  occur.  Anywhere  in  the 
Plains,  such  an  event  may  bring  as  much  as  a  third  of  the  average 
annual  supply  of  precipitation  in  a  single  day.  or  a  fifth  in  a  single 
hour.  These  invasions  and  interactions  are  rare,  and  sometimes 
periods  as  long  as  120  days  may  occur  during  which  no  rain  falls. 

Thus,    throughout    the   Great    Plains    region,    great    variability 
rainfall  from  season  to  season  is  produced  as  a  result  of  differences  in 
the  moisture  content  of  the  northward-moving  warm  air  masses,  the 
routes  followed,  and  the  force  of  the  impact  between  tin-  warm  and 
cold  air  mass 

CLIMATIC  HAZARDS  TO  AGRICULTURE 

The  excessively  high  and  low  temperatures  which  are  characteristic 
of  the  Plains  are  also  associated  with  the  interactions  of  tropical  and 
polar  air  masses.  The  displacement  of  warm  tropical  air  by  an  ad- 
vancing mass  of  cold  polar  air  may  bring  about  a  drop  in  surface 
temperature  of  as  much  as  60c  F.  in  a  few  hours. 

Maximum  summer  temperatures  in  excess  of  110°  F.  have  been 
experienced  nearly  everywhere  in  the  Plains,  and  records  of  117° 
have  been  reported  from  both  Texas  and  Montana.  Below-zero 
temperatures  have  occurred  throughout  the  region,  but  the  minimum 
becomes  lower  with  increase  in  latitude  and  reaches  a  record  of  —63° 
at  Poplar,  in  northern  Montana.  In  1893  at  Glendive.  Mont.,  the 
absolute  minimum  was  —  47 :  for  February,  and  the  absolute  maximum 
was  117°  for  July,  a  range  of  164 

The  hazards  of  hail,  frost,  and  hot  wind-  are  all  particularly  severe 
in  the  Plains  and  are  also  due  to  the  alternate  inundation  of  the 
region  by  various  type-  of  air  masse-  and  to  their  interactions.  A 
vigorous  upward  displacement  of  warm  air  along  the  advancing  front 
of  a  cold  polar  air  mass  i-  responsible  for  most  of  the  hailstorms. 
which  are  common  during  the  summer.  In  spring  and  autumn  an 
advance  of  polar  air  may  cause  killing  frost,  accompanied  by  _ 
damage  to  crops.  Equally  serious  is  the  hazard  presented  by  the  hot. 
dry  winds  of  summer  that  are  at  times  experienced  in  all  parts  of  the 
Plains 

Throughout   the  Great    Plains   the  drought   hazard   is    _  si    in 

winter   and    least   in   late   spring  and    early   summer.      Seasonal   and 

1  Italic  numbers  in  parenthe^e?  refer  to  Literature  Cited,  p.  187. 
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annual  drought  frequencies  for  three  representative  stations  are  shown 
in  figure  1.  From  the  graphs  it  is  possible  to  determine  the  number 
of  consecutive  days  without  rain  4  experienced  in  various  periods  of 
years.  Drought  periods  of  35  or  more  consecutive  days  may  be 
expected  annually  and  periods  of  between  60  and  70  days  once  in 
10  years.  Less  frequently  a  drought  period  may  reach  90  days  in 
the'northern  Great  Plains  and  120  days  in  the  southern  Plains.  The 
drought  hazards  in  autumn  and  winter  are  approximately  equal  in 
the  central  and  northern  Plains,  but  in  the  southern  Plains  the  winter 
hazard  greatly  exceeds  that  of  any  other  season.  Throughout  the 
Plains  prolonged  periods  of  drought  are  least  likely  to  occur  in  summer. 

THE  EXTENT  OF  CLIMATIC  VARIATIONS 

The  Great  Plains,  so  situated  as  to  be  inundated  successively  by 
moist  and  dry,  cold  and  hot  air  masses,  suffer  meteorological  excesses 
and  in  consequence  experience  large  fluctuations  in  climate.  Although 
the  climate  is  classed  as  semiarid,  there  are  years  when  other  climatic 
types  prevail — in  fact,  every  type  from  humid  to  arid  may  occur. 
A  similar  range  is  experienced  in  parts  of  the  subhumid  region  to  the 
east,  and  in  some  desert  areas  farther  west  the  range  may  be  nearly 
as  great.  There  is,  however,  a  great  difference  in  the  frequency  of 
occurrence  of  the  various  climatic  types,  as  is  indicated  in  table  1. 

Table  1. — Climatic  variability  at  Jamestown,  N.  Dak.,  Fort  Stanton,  N.  Mex.,  and 
Independence  and  Indio,  Calif. 


Length 

of 
record 

Climatic  type ' 

Climatic  distribution 

Station 

Super- 
humid 

Humid 

Moist 
sub- 
humid 

Dry 
sub- 
humid 

Semi- 
arid 

Arid 

Jamestown,  N.  Dak 

Fort  Stanton,  N.  Mex... 

Independence,  Calif 

Indio,  Calif 

Years 
35 
37 
37 
36 

Dry  subhumid.. 

Semiarid 

Arid 

do 

Years 
0 
0 
0 
0 

Years 

1 
1 
0 
0 

Years 
15 
1 

1 
0 

Years 

13 

5 

1 

0 

Years 

5 

25 

1 

0 

Years 

1 

5 

34 

36 

1  Based  on  effective  precipitation  as  determined  in  Thornthwaite's  classification  of  climates  (7). 

The  fluctuation  of  the  climate  within  wide  limits,  as  at  Jamestown 
and  Fort  Stanton,  creates  one  of  the  most  serious  of  the  climatic  risks 
to  agriculture.  In  some  years  the  amount  and  seasonal  distribution 
of  rainfall  is  entirely  adequate  for  successful  agriculture;  in  others, 
the  rainfall  is  so  reduced  that  crop  production  is  impossible.  No  cor- 
responding risk  exists  in  a  continuously  arid  climate,  as  at  Indio, 
because  in  no  year  does  the  weather  encourage  an  attempt  at  agri- 
culture. In  the  Great  Plains  the  rainfall  surpasses  that  of  semiarid 
climates  with  sufficient  frequency  to  encourage  agricultural  exten- 
sion, but  not  to  make  successful  agriculture  possible  over  a  period  of 
years. 

The  normal  pattern  of  climatic  distribution  in  the  Great  Plains 
and  adjacent  areas  and  the  patterns  in  3  extreme  years,  1905,  1910, 
and  1934,  are  shown  in  figure  2.5 

4  In  the  computation  of  these  curves  less  than  0.10  inch  of  precipitation  in  48  hours  was  not  considered 
sufficient  to  be  counted. 

5  These  maps  have  been  selected  from  the  Atlas  of  Climatic  Types  in  the  United  States,  1900-1939  (9). 
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Climatic  Types 
SUPERHUMIO    ^     ^  MOIST  SUBHUK 
HUMID 


0RYSU8HUMI0 


ARID 


Figure  2.  -Normal  pattern  of  climatic  distribution  in  the  Great  Plains  as  compared 
with  the  patterns  in  3  extreme  years,  1905,  1910,  and  1934. 
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The  year  1905  was  one  of  the  rainiest  in  the  history  of  the  Great 
Plains,  and  semiarid  climate  disappeared  from  the  region  altogether, 
except  in  a  small  island  in  southeastern  Colorado.  Moist-subhumid 
climate,  normal  to  Iowa  and  western  Illinois,  occupied  most  of  Mon- 
tana and  extended  in  two  great  lobes  westward  across  Nebraska  and 
Oklahoma.  Humid  climate,  characteristic  of  Ohio,  pushed  into  the 
Plains  in  two  places.  The  years  1910  and  1934  were  2  of  the  driest 
on  record.  In  1910  desert  climate  covered  most  of  the  southern 
Plains;  there  were  a  few  islands  of  desert  climate  in  the  northern 
Plains,  and  semiarid  climate  was  displaced  by  arid  eastward  as  far 
as  Wisconsin.  In  1934  nearly  half  of  the  area  of  the  Great  Plains 
experienced  desert  climate. 

THE  BEGINNINGS  OF  SETTLEMENT 

The  natural  vegetation  of  the  Plains  resembles  that  of  a  closely 
pastured  meadow.  It  consists  of  species  of  drought-enduring  short 
grasses  such  as  grama  and  buffalo  grass,  which  can  enter  a  drought 
rest  stage  when  necessary  and  produce  seed  in  a  remarkably  short 
time  after  moisture  becomes  available.  Prior  to  settlement  the 
almost  universal  cover  of  short  grass  and  the  character  of  the  soil 
combined  to  reduce  run-off  to  a  minimum  even  after  the  heaviest 
rains  and  served  to  protect  the  smooth,  gently  sloping  surface  from 
erosion  (6).  Except  immediately  after  heavy  rains,  surface  water 
was  almost  completely  absent  in  the  broad  upland  areas  between  the 
through-flowing  streams,  which  themselves  often  became  completely 
dry.  Consequently,  to  the  first  wave  of  migrants,  the  Great  Plains 
and  the  desert  zone  to  the  west  appeared  as  uninhabitable  areas  which 
had  to  be  traversed  in  order  to  reach  the  Oregon  country  and 
California. 

At  the  end  of  the  Civil  War,  the  Great  Plains  were  chiefly  waste- 
land occupied  by  roving  herds  of  buffalo  and  scattered  bands  of 
nomadic  Indians.  The  few  existing  settlements  were  trading  posts 
and  forts  that  had  developed  along  the  various  trails  to  the  West. 
By  1870  two  railroads  had  been  extended  across  the  Great  Plains, 
from  Omaha  across  Nebraska  to  the  Pacific,  and  from  Kansas  City 
across  Kansas  to  Denver.  Originally  intended  to  tap  the  trade  of 
the  far  West,  they  encouraged  the  activities  of  buffalo  hunters,  who 
during  the  following  decades  exported  enormous  quantities  of  hides, 
horns,  and  bone  and  virtually  exterminated  the  buffalo  (8, pp.  207-2 17). 

The  Civil  War  had  produced  a  shortage  of  cattle  in  the  North  but 
had  left  Texas  fairly  overflowing  with  them.  Before  1885  nearly  6 
million  head  were  driven  from  Texas  north  over  the  trails  to  the 
railroads  leading  to  the  northern  and  eastern  markets.  Real  and 
anticipated  profits  from  cattle  raising  led  to  a  phenomenal  extension 
of  ranching  throughout  the  Great  Plains.  The  ranges  were  soon 
overstocked,  and  the  devastating  drop  in  prices  which  followed  so 
impoverished  the  ranchers  that  they  were  unable  to  combat  the  sub- 
sequent droughts,  blizzards,  and  plagues  of  grasshoppers. 

The  day  of  the  cattlemen  in  the  Great  Plains,  however,  was  brief. 
Even  before  the  Civil  War  the  eastern  farmers  had  discovered  that 
absence  of  trees  did  not  indicate  lack  of  soil  fertility  and  had  made 
tentative  advances  into  the  prairies  of  Iowa,  Missouri,  and  eastern 
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Kansas.  Gradually  a  new  culture  evolved  in  which  dependence 
upon  trees  and  a  surface-water  supply  was  reduced  greatly  by  the 
use  of  sod  houses,  hedge  fences,  barbed  wire,  drilled  wells,  windinills, 
and  the  steel  plow.  Encouraged  by  the  Homestead  Act.  passed  while 
the  Civil  War  was  still  in  progress,  and  by  subsequent  legislation, 
agricultural  settlement  slowly  advanced  across  the  prairies  and  into 
the  Plains  of  western  Kansas  and  Nebraska  along  the  lines  of  the 
two  transecting  railroads. 

By  1890  a  vanguard  of  settlers  had  pushed  beyond  Kansas  and 
Nebraska  into  eastern  Colorado.  The  majority  had  come  from  the 
humid  Northeastern  States,  and  previous  experience  had  in  no  way 
prepared  them  for  the  climatic  hazards  they  now  encountered.  The 
initial  settlement  occurred  during  one  of  the  rainier  periods,  and  the 
settlers  were  predisposed  to  believe  that  the  climate  was  becoming 
permanently  more  humid.  In  fact  many  thought  that  it  was  the 
spread  of  cultivation  that  brought  about  an  increase  in  rainfall. 
Aughey  (1.  pp.  J^-^o).  in  writing  about  Nebraska  in  1880.  said: 

It  is  the  great  increase  in  absorptive  power  of  the  soil,  wrought  by  cultivation, 
that  has  caused,  and  continues  to  cause  an  increasing  rainfall  in  the  state.  *  *  * 
After  the  soil  is  broken,  a  rain  as  it  falls  is  absorbed  by  the  soil  like  a  huge  sponge. 
The  soil  gives  this  absorbed  moisture  slowly  back  to  the  atmosphere  by  evapo- 
ration. Thus  year  by  year  as  cultivation  of  the  soil  is  extended,  more  of  the  rain 
that  falls  is  absorbed  and  retained  to  be  given  off  by  evaporation,  or  to  produce 
springs.     This,  of  course,  must  give  increasing  moisture  and  rainfall. 

This  delusion  was  destroyed  by  the  drought  of  the  nineties.  Not 
only  was  further  immigration  stopped,  but  there  was  instead  a  con- 
siderable emigration  of  earlier  settlers.  In  some  of  the  western  Kansas 
comities,  two-thirds  of  the  farm  population  was  forced  to  leave  be- 
cause of  the  drought.    Many  entire  towns  were  completely  abandoned. 

EFFORTS  TO  EXTEND  THE 
AGRICULTURAL  AREA 

One  almost  immediate  reaction  to  the  drought  was  a  phenomenal 
increase  in  dry  farming  throughout  the  Plains.  To  a  large  extent 
this  can  be  atmbuted  to  the  efforts  of  one  man.  H.  W.  Campbell  (#), 
of  Lincoln.  Nebr..  who  had  invented  a  subsoil  packer  in  1885.  Dry 
farming  was  further  publicized  by  railroads,  whose  profits  depended 
upon  population,  and  in  1894  a  dry-farming  experiment  station  was 
established  at  Cheyenne  Wells,  Colo.  Before  the  end  of  the  nine- 
teenth century  dry  farming  was  hailed  as  the  solution  to  all  agricultural 
problems  of  the  Great  Plains,  and  settlers  again  began  to  pour  into 
the  region. 

All  dry-farming  practices  focused  upon  the  single  aim  of  conserving 
the  scant  moisture  supply  by  reducing  or  eliminating  run-off  and 
evaporation  and  by  increasing  to  a  maximum  the  absorption  and 
retention  of  moisture  by  the  soil.  It  was  thought  that  this  could  be 
accomplished  by  summer  fallowing  and  by  maintaining  a  dust  mulch 
through  cultivation  after  every  summer  rain.  The  mechanical  treat- 
ment considered  necessary  for  moisture  conservation  resulted  in  rapid 
deterioration  of  the  soil  structure  and  destruction  of  humus  and  in 
consequence  introduced  wind  erosion  as  a  menace  to  permanent 
settlement  (3) .    Before  the  beginning  of  the  World  War  the  enthusiasm 
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for  dry  fanning  had  waned,  and  it  was  recognized  that  climatic  risks 
still  existed  in  the  Great  Plains. 

The  skyrocketing  of  agricultural  prices  during  the  war  tended  to 
expand  cattle  production  rather  than  crop  production  in  the  Great 
Plains;  but.  with  the  crash  of  the  cattle  market  during  the  depression 
of  1920-22.  many  ranchers  were  financially  ruined.  In  the  years 
following  the  war  rapid  progress  was  made  in  agricultural  mechaniza- 
tion. Various  machines  designed  for  use  on  the  level  land,  including 
a  manageable  tractor,  a  disk  plow,  a  disk  drill,  and  a  small  combine 
harvester,  made  it  possible  to  plant  and  harvest  wheat  in  the  Plains 
at  a  cost  less  than  half  that  involved  on  the  smaller,  rougher  farms 
in  the  East. 

The  economic  distress  of  the  rancher,  the  development  of  power 
machinery  for  planting  and  harvesting  wheat,  the  maintenance  of 
high  prices  for  wheat,  and  a  series  of  rainier-than-average  years  re- 
sulted in  renewed  land  speculation.  At  a  time  when  land  values  the 
country  over  were  falling  toward  pre-war  levels,  land  in  the  Great 
Plains,  purchased  from  the  ranchmen  at  S2  to  $4  an  acre,  was  resold 
for  $30  to  S40  to  investors  and  speculators  from  as  far  east  as  Iowa 
and  Illinois,  who  were  ignorant  of  the  physical  deficiencies  of  the  area. 
Despite  the  speculative  nature  of  much  land  purchase  and  the  fact 
that  a  great  deal  of  the  crop  production  was  by  "suitcase  farmers." 
who  did  not  live  on  the  farms  and  frequently  stayed  in  the  region 
only  long  enough  to  harvest  one  crop  and  sow  the  next,  the  population 
throughout  most  of  the  Great  Plains  continued  to  increase  until  after 
1930. 

Since  wheat  farming  could  be  reduced  to  a  part-time  occupation, 
the  increase  in  population  did  not  parallel  the  increase  in  the  amount 
of  land  brought  under  cultivation.  By  1930  virtually  all  of  the  land 
had  been  plowed,  and  the  native  short-grass  sod  was  nearing  extinc- 
tion in  many  of  the  Great  Plains  counties.  Farm  prices  of  wheat, 
the  dominant  crop,  hovered  around  SI  a  bushel  during  the  entire 
decade  of  the  1920's.  Year  after  year,  the  climatic  conditions  fav- 
ored agriculture:  first  one  part  of  the  Plains  and  then  another  enjoyed 
a  climate  normal  to  the  subhumid  prairies  to  the  east. 

ECONOMIC  ASPECTS  OF  DROUGHTS 

In  1931  a  disastrous  drought  was  experienced  in  the  northern  and 
central  Great  Plains,  with  desert  climate  prevailing  in  most  of  eastern 
Montana  and  in  parts  of  eastern  Colorado  and  western  Kansas. 
Thereafter,  in  every  year  until  the  end  of  the  decade,  some  part  of  the 
Plains  was  affected  by  serious  drought;  and  in  1934  and  1936  the 
region  from  end  to  end  was  scourged  with  drought. 

The  depression,  coming  simultaneously  with  the  onset  of  the 
drought,  carried  prices  of  agricultural  products  down  to  the  lowest 
levels  on  record.  The  Great  Plains  farmers,  burdened  with  expen- 
sive power  machinery  and  land  that  had  been  overcapitalized,  were 
bankrupted  almost  immediately,  and  Federal  relief  in  many  forms 
poured  into  the  region.  Despite  the  fact  that  the  administration  of 
relief  tended  to  discourage  movement  of  population,  there  v 
tremendous  emigration  from  the  Plains  region  between  1930  and  1940. 
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In  many  respects  the  period  from  1920  to  1940  resembled  the  earlier 
period  between  1880  and  1900.  In  both  a  series  of  rainy  years  was 
followed  by  a  disastrous  drought.  Both  wet  periods  occurred  when 
there  was  great  pressure  for  more  farm  land  and  encouraged  rapid 
immigration  that  led  to  extension  of  the  cultivated  area  and  to  over- 
grazing. Each  drought  period  set  in  motion  an  emigration  that  grew 
into  a  rout.  In  both  cases  the  series  of  rainy  years  had  been  mistaken 
for  normal  climate,  with  disastrous  results. 

Relief  measures  were  instituted  in  the  1890's  as  well  as  in  the 
1930's  and  experts  were  assigned  the  task  of  working  out  programs 
for  rehabilitation  and  for  the  permanent  occupancy  of  the  Great 
Plains.  In  certain  major  aspects  there  is  a  striking  resemblance 
between  the  report  of  the  Great  Plains  Committee  of  1936  (10)  and 
that  on  The  High  Plains  and  Their  Utilization,  by  Willard  D.  Johnson, 
in  the  annual  reports  of  the  United  States  Geological  Survey  for 
1899-1901  (4).  Both  contain  vivid  accounts  of  the  overextension  of 
agriculture  during  preceding  years,  emigration  and  the  abandonment 
of  farms,  the  shift  of  land  ownership  from  individuals  to  loan  companies, 
and  reversion  of  land  to  the  county  or  Federal  Government.  In 
1899,  as  in  1936,  counties  were  burdened  with  bonded  indebtedness 
incurred  for  public  improvements  during  the  boom  years.  The 
plight  of  the  farmers  who  remained  was  desperate.  Although  the 
farmer  who  managed  to  remain  on  his  land  through  the  drought  of 
the  1890's  was  forced  to  depend  almost  exclusively  upon  stock  for 
his  livelihood,  Johnson  (4,  Rpt.  21,  p.  690)  commented  that — 

*  *  *  as  a  rule  his  hope  and  his  ambition  are,  after  the  temporary  unfavorable 
conditions — as  he  regards  them — shall  have  passed,  to  return  to  growing  wheat 
for  export. 

These  two  disastrous  droughts  have  demonstrated  that  permanent 
agricultural  settlement  based  on  the  production  of  grain  for  export 
is  not  possible.  Despite  the  fact  that  the  mechanization  of  agri- 
culture has,  in  recent  years,  greatly  reduced  the  cost  of  production, 
wheat  yields  over  a  period  including  both  favorable  and  unfavorable 
years  are  not  sufficient,  at  current  wheat  prices,  to  justify  the  initial 
expense  and  the  maintenance  of  expensive  equipment  except  in  favored 
locations  where  supplementary  water  is  available. 

THE  FUTURE 

In  a  semiarid  climate  like  that  of  the  Great  Plains,  wide  climatic 
fluctuations  are  to  be  expected.  Although  it  is  not  yet  possible  to 
forecast  a  specific  drought  year,  it  is  possible  to  determine  drought 
frequency  and  the  probability  of  its  occurrence.  A  stable  economy 
can  be  achieved  only  if  agriculture  is  adapted  to  the  entire  range  of 
climatic  conditions.  This  would  necessitate  returning  to  a  grazing 
economy,  in  which  pasturing  of  cattle  on  the  natural  and  restored 
range  is  supplemented  by  the  production  of  forage  and  feed  crops 
in  areas  where  flood  irrigation  is  possible,  and  elsewhere  in  the  rainy 
years  on  soils  that  are  resistant  to  deterioration  by  wind  and  water. 
Such  a  change  in  land  use  requires  an  increase  in  the  size  of  farms 
to  a  point  where  cultivation  and  grazing  can  both  be  controlled. 
Permanent  agriculture,  if  not  perpetually  subsidized,  also  requires 
further  diminution  of  population  and  a  reduction  in  services,  such  as 
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schools  and  improved  roads.  Through  planned  cooperation  and  the 
elimination  of  duplicate  expenditures,  such  a  reduction  would  be 
possible  without  materially  lowering  the  standard  of  living. 

It  must  be  recognized  that  in  the  future  there  will  be  a  recurrence 
of  rainy  years  that  will  attract  settlers  and  invite  extension  of  wheat 
production  and  land  speculation.  Past  experience  has  shown  con- 
clusively the  need  for  setting  up  restraints  before  the  onset  of  a  series 
of  years  favorable  to  commercial  grain  production  in  order  that  the 
population  of  the  future  may  be  less  vulnerable  to  the  terrors  of 
inevitable  future  droughts. 
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Climate  and  Settlement 
of  the  Arid  Region 


By  Reed  W.  B 


GAMBOL  <T  <j]N  the  climate  mav  be  possible  in  semiarid 
regions,  but  the  dweller  in  an  arid  region  ha?  to  play  safe  or 
perish.     He  learn?  to  know  where  the  husband  it. 

to  use  just  the  right  amount  when  it  is  needed,  to  protect  hi? 
watersheds:   and  by   this   skill.   kn<  _   .    and  discipline,   he 

makes  rich  gardens  in  the  desert.     Theoretic  a  11  v:   but   tl 
and  the  practice  do  not  alwavs  dovetail,  and  no  type  of  agri- 
culture has  stricter  require i  ian  irrigation  farniii  _ 
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Nowhere  in  the  United  States  has  climate  influenced  the  pa 
erf  settlement  and  culture  more  definitively  than  in  the  arid  region  of 
the  Westu     Together  with  topography  and  soils,  it  has  determined 
rather  rigidly  the  location  of  most  settlement,  whether  in  individual 
farms,  rural  communities,  or  larger  population  centers.     It  has 
largely  conditioned  settlement  incident  to  mining.     Within  relatively 
narrow  limits,  it  has  restricted  the  number  of  people  that  the  region 
as  a  whole  can  support,  and  as  a  result  many  rural  com  mi: 
ilr-i  :~  :.:-  -xz  t:it:_  :-"Jii*  ::■:  z  \ila:: :  z.  z.  :-^\::  --■=■  : :  :■:.::'.  j  --v^:-  in:e:jsny. 
It  has  been  primarily  responsible  for  the  development  of  irrigation, 
a  distinctive  and  highly  specialized  type  of  agriculture.     Finally,  it 
has  given  rise  to  certain  basic  problems  inherent  in  an  environment 
where  man  has  had  to  utilize  meager  resources  to  the  fullest  possible 
extent  and  resort  to  specialized  techniques  and  disciplines  in  order  to 
ziikr    -._:::  zlvzzz-  L---:- .  z  iiri:  ;•■:  ■>?:"'.  -r  :.:_■:  --:::-:":.-:.:   ..  -      .-■:•>$. 

NERAL  CLIMATIC  GHARACTEPJ-T      - 

Hie  arid  region  comprises  a  broad  belt  of  mountain,  valley,  and 
desert  land  some  600  miles  wide  and  nearly  1.100  m:  g  lying 

between  the  western  margins  of  the  Great  Plains  and  the 
the  Sierra   Xevada-Cascade  barrier,  which  extends  along  a  north- 
south  axis  from  Canada  to  the  Mexican  border.     Within  its  boundaries 
are  found  the  driest  areas  of  the  North  American  con  tin  err 
general  aridity   is   the   predominant  characteristic  of   the   regional 
climate  as  a  whole.     There  is.  h  a  great  div  local 

climates  ranging  between  the  extremes  of  humid  cold  and  torrid  dry. 
These  wide  local  variations  are  due  prima:  «ography  but  also 

depend  to  some  extent  on  general  air  circulation,  the  relative  p<  - 
in  the  continental  land  mass,  and  latitude. 

On  the  basis  of  general  climatic  charac*        '        "he  region  can  be 
divided  into  two  major  zones:   (1)  A  southern  zone,  comprising  most 


1Q0     •      IWfeaJ  -  ^11 

I  w  Mexico.  Arizona,  and  the  southeastern  part  of  California. 
and  (2]  a  northern  zone,  including,  roughly,  the  area  between  the 
I't ah- Arizona  line  and  th 

In  the  southern  zone  the  summer  winds  sweep  over  the  region  from 
a  southerly  direction  and  are  relatively  mc  s  sing  :he  period  of 

maximum  precipitation  to  coincide  with  the  hottest  months  of  the 
year.     Nearly  half  of  the  annua]  pre  occurs  during  July, 

August,  and  September,  preceded  and  followed  by  very  dry  periods. 
Iu  the  mountains  and  higher  plateaus,  however,  th  -  period  of 
winter  maximum  in  addition  to  th  -    inner  period.     The  winter 

precipitation  talis  principally  in  the  form  of  si  s  etion 

as  a  whole  the  mean  annual  precipitation  ranges  from  a  low  of  3  inches 
in  the  vicinity  of  Yuma  to  a  high  of  more  than  30  inches  in  the  moun- 
tains of  northern  A  Temperatures  in  general 
are  high,  with  great  daily  tiuetuat:     - 

The  northern  section  lies  in  the  prevailing  westerly  winds 

and  receives  its  climatic  characteristics  from  the  3     rms  which 

sweep  from  the  west.     Maximum  preeipit:  mes  in  the  winter 

and  early  spring  months,  the  summer  mouths  of  July.  August,  and 
September  being  usually  very  g    -     -    ::en  rainless  in  valleys, 

as  in  the  Alley  in  Idaho.     Mean  annual  ore  m  for  the 

section  as  a  whole  ranges  from  a  low  of  about  4  inches  in  the  d  - 
valleys  west  of  Salt  Lake  I        g    -  iO  inches  in  the  mountains 

of  central  Idaho  and  central  Washington.  For  a  contrast  of  pre- 
cipitation patterns  for  the  northern  an  -  ern  zones  see  figure  1. 
The  temperatures  exhibit  extremes  eh;  -        of  the  continental 

climatic  type. 

Growing  seasons  are   variable   fc  -     rter  in   the  arid 

valleys  of  the  northern  zone   than   in   those  oi  the  southern  zone. 

Yakima .  Wash.,  has  IS  -  ?s  se,  1  :aho,  169;  Logan, 

Otal  /.buquerque.  X.  Mex..  has  Ariz.. 

nd  Yuma.  Ariz.. 

INFLUENCE  OF  TOPOGRVPHY  ON  CLIMATE 
kND  SETT1  EMENT 

Th  hat  signiticantly  alters  the  general  climate  of  the  region 

is  topography.     Within  any  latiti;  opography  large 

termiues  the  precipitation  pat:     a  in  S]  g       s  g     eral  air  circu- 

lation determines  it  in  time.     Ttu   S  -  ade  mountain 

-  -  rising  to  a  maximum  elevation  of  about  14,000  feet  act 
barrier  to  eastward  r  _   -      ms  and  are  responsible  for  much  of 

the  relatively  heavy  precipitation  on  the  west  slopes  and  the  aridity 
of  the  Great  Basin  and  the  Columbia  River  Plateaus.  Similarly  each 
successive  mountain  range  eas  n  to  increase  precipi- 

tation on  the  western  slopes  and  to  make  for  greater  aridity  on  the 
slopes  and  valleys  to  the  east.     It  is  uncommon  to  hnd  some 

valleys  receiving  only  4  1         inches  mountain 

slopes  less  than  40  times  away  receive  in  ss     :  40  inches.     The 

influence  of  topography  on  preciy  -         -    ated  in  figure  2. 

which  gives  mean  annual  precipitation  vain  -  rtain  points  along 

a  topographic  prohle  from  San  Frar     - 
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The  importance  of  this  interrelationship  between  cool,  humid 
mountain  islands  and  warm,  arid  valleys  cannot  be  too  strongly  em- 
phasized. The  islands  in  themselves,  for  the  most  part,  are  not 
habitable,  because  of  steep  slopes,  low  temperatures,  rocky  soils, 
short  growing  season,  deep  snow  mantle,  inaccessibility,  and  similar 
factors,  but  they  are  the  gathering  grounds  for  creeks  and  rivers  that 
flow  to  the  valleys.  Indeed,  one  of  the  more  striking  and  important 
features  of  the  moun tain-valley  relationship  is  the  nearness  of  the 
points  between  which  large  differences  in  climate  may,  and  usually 
do,  exist.  Salt  Lake  City,  for  example,  is  located  in  the  semiaricl 
zone  at  the  base  of  the  Wasatch  Mountains  at  an  elevation  of  4,408 
feet  and  receives  16.13  inches  of  moisture  annually.  Forty  miles 
f  the  city  the  desert  receives  less  than  6  inches  of  rainfall  a  year; 
20  mi:  -  sfl  of  the  city.  Silver  Lake,  at  an  elevation  of  S.700  feet  in 
the  Wasatch  Range,  has  a  mean  annual  precipitation  of  43  inches. 
Similar  relationships  exist  throughout  both  northern  and  southern 
climatic  sections:  these  are  further  emphasized  in  figure  1.  in  which 
the  three  locations  for  which  mean  precipitation  is  given  rep: 
essentially  the  extremes  and  the  midpoint  of  the  latitudinal  range 
of  the  arid  region. 

THE  PATTERN  OF  SETTLEMENT 

AND  AGRICULTURE 

With  a  knowledge  of  the  climatic  characteristics  and  the  mountain- 
valley  relationship  of  this  region  it  is  readily  understandable  why  the 
early  settlers  established  their  homes,  farms,  and  industries  for  the 
part  near  the  mouths  of  canyons  and  at  the  bases  of  mountains 
These  locations  were  selected  in  part  because  of  the  availability  of 
fertile  soils  and  favorable  temperatures,  but  primarily  because  the 
adjacent  mountains  provided  sources  of  timber  for  their  homes,  forage 
for  their  flocks,  and  above  all.  the  water  that  was  necessary  fo: 
taming  life  throughout  the  dry  summer  months  on  the  valley  floors. 
Later,  engineering  developments  were  introduced  in  the  form  of  stor- 
age reservoirs  and  elaborate  canal  systems,  and  these  made  it  possible 
to  extend  settlement  farther  out  into  the  valleys  and  away  from  the 
natural  streams. 

The  depend-  *tlement  both  on  mountain  streams  originating 

in  the  humid  islands  and  on  favorable  valley  temperatures  and  soils 
has  not  only  restricted  the  number  of  people  that  the  country  can 
support,  but  has  rather  rigidly  determined  the  location  of  farms  and 
other  population  cent^^.  T<xlay.  after  nearly  a  century  of  settle- 
ment, practically  all  of  the  population  of  the  region  is  still  concen- 
trated where  the  mountain  waters  mee*  -  -  he  desert  valleys. 
A  map  of  the  arid  region  showing  population  density  would  strikingly 
illustrate  how  available  water  and  soil  control  and  determine  the 
pattern  of  settlement.  A  concentration  of  population  would  plainly 
mark  the  course  of  the  Snake  River  in  Idaho  and  the  base  of  the 
Wasatch  Mountains  in  Utah.  The  effect  of  availability  of  water  on 
population  concentrations  is  further  illustrated  by  the  condition  in 
Utah.  Today  the  dei  -  he  population  for  that  State  as  a  whole 
»  6.2  a  are  mile  while  along  thf  Front  from 
Santaquin  to  the  north  end  of  Cache  County,  in  an  area  2  to  10  miles 
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wide  bv  160  miles  long  and  totaling  only  1,000  square  miles,  or  1.2 
percent  of  the  land  area,  the  density  is  338  per  square  mile. 

The  relationship  between  humid  islands  and  dry  valleys  is  respon- 
sible for  the  development  of  an  irrigation  agriculture  wherein  crops  are 
not  dependent  on  precipitation  that  falls  on  the  cultivated  lands 
but  on  that  which  accumulates  on  the  more  remote  range  and  forest 
lands. 

Historically,  modern  irrigation  culture  began  crudely  in  July  1  - 
when  Brigham  Young  and  his  group  of  Mormon  pioneers  started 
diverting  Vater  from  City  Creek  near  the  site  on  which  Salt  Lake 
City  developed.  The  Mormon  occupancy  of  the  arid  land  is  charac- 
teristic of  much  of  the  settlement  that  has  occurred  throughout  the 
whole  region,  and  nowhere  is  the  relationship  of  the  environmental 
factors  of  climate  and  topography  to  settlement  more  clearly  pictured 
than  in  the  Utah  valleys.  Compact  villages  have  been  established 
on  almost  every  stream  along  the  west  front  of  the  Wasatch  Moun- 
tains and  high  plateaus.  They  are  situated  at  the  mouths  of  canyons, 
and  around  them  are  spread  green  irrigated  fields  which  give  way 
to  the  gray  sagebrush  landscape  at  the  end  of  the  ditch.  From  an  air- 
plane they  appear  as  small  varicolored  oases  in  a  great  expanse  of 
" desert n  landscape. 

The  inhabitants  of  the  irrigated  valleys,  living  in  the  faith  of  con- 
tinuing stream  flow,  have  gradually  acquired  a  consciousness  of  the 
dependence  of  the  irrigation  enterprise  upon  the  mountain  watersheds. 
In  Utah  it  is  estimated  that  at  least  80  percent  of  the  usable  stream 
flow  is  derived  from  mountain  lands  above  7.000  feet  in  altitude,  or 
generally  at  elevations  2.500  to  6.000  feet  above  the  valley  floor. 
The  implication  is  clear  when  one  considers  that  every  acre  of  the  1% 
million  of  irrigated  land  in  Utah  is  dependent  upon  approximately 
7  acres  of  range  and  forest  watershed  land. 

Similar  mountain-valley  relationships  prevail  on  the  Snake  River 
in  southern  Idaho,  where  agricultural  developments  such  as  those  in 
the  Boise  Valley  and  Twin  Falls  sections  have  been  made  on  valley 
plains  receiving  only  7  to  12  inches  of  precipitation  annually.  For 
their  water  supply  these  developments  depend  entirely  upon  the 
Boise  and  Snake  Rivers,  which  originate  on  mountain  lands  com- 
prising only  30  percent  of  the  drainage  area  but  receiving  up  to  60 
inches  of  precipitation  annually.  Relationships  of  like  character  are 
found  throughout  the  entire  arid  region. 

Settlement  of  the  arid  region  was  also  made  possible  by  ranching 
and  dry  farming,  a  form  of  agriculture  which  adapted  itself  to  the 
topography,  native  vegetation,  and  climate,  in  contrast  to  the  irriga- 
tion enterprise,  in  which  the  environment  was  modified.  Such 
development,  however,  has  not  always  been  independent  of  irri- 
gation, for  even  the  livestock  industry  has  greatly  expanded  as  a 
result  of  forage  production  by  the  artificial  application  of  water  to 
croplands. 

Although  irrigation  agriculture  is  not  the  sole  source  of  livelihood 
in  the  arid  regions,  it  colors  all  other  activities  and  determines  in  a 
large  measure  how  far  these  others  may  develop.  Table  1  gives 
the  acreage  and  value  of  irrigated  lands  in  comparison  with  the  total 
of  all  agricultural  lands  for  the  11  Western  States,  some  of  which 
have  areas  in  other  climatic  zones. 
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Table  I.— Acreage  and  value  of  irrigated  lands  in  the  11   Western  Sta;- 


Total  crop- 
land 


Arizona 

648,  00(1 

California    .                _.  

9,  390.  000 

Colorado 

•  ..000 

Idaho 

-  ■,  000 

Montana                   

ii.  399.  ooo 

Nevada                       

494.  000 

New  Mexico          

1.  799.  000 

Oregon 

4.  173.  000 



1.  495.  000 

Washington         

.--.ooo 

Wyominc. 

1  293.  000 

Irrigated      »llfftrnic.    Irrigated 
land         A II  farms      fanns 


"Value   of  all 
farm  lands 


Acres 

.576, 00(1 

4.  747.  000 

3.  394.  000 

2,  181.  000 

1.  .595.  000 

487.  000 

527.  000 

S99.  000 

1.324.000 

499.000 

1.  230.  000 


_V'i  mher 

.59.  956 

47.  49.5 

3.442 

31.404 

•55. 1.53 

70.904 
16.  011 


Xumber 

31.288 

27 

11.925 

11.387 
- 

1.5.  949 
7.  308 


Dollar* 

160.  854, 000 
-.5.  000 

510.  95.5.  000 

340.  256.  000 

41.000 

5.3.  665.  000 

"21.  000 

501.  947.  000 
41.000 
73.  000 
164,  000 


Value  of  irri- 
gated land 


Dollars 
131,239.000 
-U.0OO 
2M,  000 
233. 

1 56.  067.  000 

.50, 145.  000 

"     HO,  000 

130.  246.  000 

B2,  000 

27.  000 

99.  704.  OOO 


Total. 


49.  489.  000      17.  465.  000        .503.  047        241.  342        6.  124.  672.  000      3.  640.  974.  000 


i  Data  from  1930  Census  of  Irrigation  of  Agricultural  Lands. 


CLIMATE  AND  THE  PROBLEMS  OF 
IRRIGATION  AGRICULTURE 

Irrigation  agriculture  has  many  advantages,  but  it  also  has  many 
hazards  which  constantly  threaten  its  permanency. 

Theoretically,  irrigation  affords  an  ideal  form  of  husbandry  wherein 
man  attains  a  high  degree  of  control  over  his  crops  through  regulation 
of  water,  averts  the  consequences  of  drought,  and  takes  advantage 
of  the  long,  warm  growing  seasons  and  fertile  soils  of  the  semidesert 
valleys  to  produce  high  yields  in  a  variety  of  crops.  Actually. 
however,  the  realization  of  all  these  benefits  is  difficult .  for  the  whole 
process  is  beset  with  many  important  problems. 

Experience  with  floods  and  erosion  in  the  arid  West,  together  with 
knowledge,  gained  through  research,  of  the  factors  affecting  run-off 
and  soil  stability  on  mountain  watersheds,  shows  the  dangers  that 
threaten  irrigation  and  the  necessity  of  establishing  and  maintaining 
a  sound  watershed -management  program  based  on  knowledge  of  the 
factors  determining  the  quantity  and  quality  of  water  delivered  to  the 
irrigated  lands. 

Upon  invading  the  arid  West,  settlers  found  that  the  normally  low 
summer  flow  of  the  streams  did  not  furnish  enough  water  for  their 
needs.  Accordingly  dams  and  elaborate  diversion  works  were  con- 
structed in  order  to  conserve  winter  and  spring  run-off  and  to  convey 
water  to  the  thirsty  soils.  In  addition,  people  took  to  the  hills  to 
dig  mine  shafts,  to  cut  timber,  to  graze  flocks,  and  to  build  spiraling 
roids  to  scenic  and  recreational  areas.  In  doing  these  things,  man 
not  only  altered  the  age-old  characteristics  of  stream  flow,  but  he 
also  tampered  with  the  equally  long  established  physical  and  biol  a 
features  of  the  watershed  lands  from  which  the  water  is  derived. 
The  use  of  watershed  lands  for  these  purpo-  initial,  but  it  must 

be  tempered  by  the  requirements  of  soil  and  water  conservation. 

The  watersheds  where  the  streams  originate  can  be  so  impaired  by 
improper  use   that  the  character  of  the  natural  stream  regimen   is 
changed,    resulting   in   increased   frequency    and    destructives 
floods    and    siltation.     Moreover,    through    improper   irrigation    and 
.      :ent  prn<  he  application  of  these  mountain  w 

by  the  i  %  oi  plant  foods, 


196     •      Yearbook  of  Agriculture,  1941 

increased  erosion  of  the  topsoil,  concentration  of  salts  beyond  the  toxic 
tolerance  of  the  plants,  accumulation  of  stagnant  water  in  soil  hori- 
zons, and  the  sealing  of  pore  spaces  essential  to  plant  growth  in  the 
soil.  Locally  these  destructive  processes  already  presage  the  down- 
fall of  irrigation  agriculture  if  they  are  allowed  to  spread  unchecked. 

Perhaps  the  most  serious  problem  in  irrigation  is  that  of  alkali. 
Soils  in  an  arid  region  generally  contain  large  quantities  of  alkali 
salts,  formed  in  the  process  of  weathering.  The  rainfall  is  insuf- 
ficient to  wash  them  away  or  leach  them  out.  Application  of  irriga- 
tion water  quickly  concentrates  the  more  soluble  salts  at  or  near  the 
surface  of  the  soil.  Alkalinity  is  also  associated  with  waterlogging, 
when  too  much  water  is  added  to  the  soil  and  the  water  table  is  raised 
into  the  root  zone  of  field  crops,  not  only  "drowning"  the  plants  but 
increasing  the  salt  concentration  above  the  tolerance  of  the  species 
grown. 

In  certain  instances  concentration  of  salts  in  streams  flowing 
through  arid  territory  may  reach  such  a  high  point  as  to  make  the 
water  unsuitable  for  use  in  ordinary  methods  of  irrigation.  More- 
over, salt  concentrations  in  reservoirs  may  become  so  great  that  the 
disposal  of  the  resultant  brine  is  a  major  problem. 

Overexpansion  and  inadequate  planning  for  settlement  and  land 
use  have  created  other  serious  problems.  On  some  projects  more 
land  has  been  brought  under  cultivation  than  the  available  stream 
flow  would  justify;  on  others  it  has  not  always  been  possible  to  divert 
the  water  to  the  areas  having  the  best  soils. 

Future  expansion  of  irrigation  depends  primarily  upon  engineering 
developments.  There  are  still  many  areas  of  fertile  land,  and  also 
there  is  much  undeveloped  water,  but  these  two  elements  seldom 
occur  side  by  side.  The  problem  of  engineering  is  to  bring  together 
the  undeveloped  water  and  the  fertile  soils  through  transmountain 
diversion,  the  extension  and  enlargement  of  canal  systems,  the 
construction  of  additional  reservoirs,  and  in  other  ways.  But  an  en- 
during irrigation  culture  cannot  be  built  by  engineering  alone.  On 
the  contrary,  the  permanence  of  the  enterprise,  and  indeed  the  per- 
manence of  all  agriculture  in  the  arid  region,  rests  upon  a  full  under- 
standing and  an  adequate  solution  of  the  basic  problems  of  land  use 
and  water  conservation. 
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Settlement  and  Cultivation 
in  the  Summer-Dry  Climates 


By  John  Leighly 


A  STRIP  of  country  all  along  our  western  coast  has  a  climate 
that  in  some  ways  reverses  what  occurs  in  other  agricultural 
regions.  It  includes  California,  western  Oregon,  western  Wash- 
ington. Here  is  a  clear-cut  account  of  why  the  climate  in  this 
region  is  different  and  why  it  has  favored  the  development  of  a 
distinctive  type  of  agriculture. 


John  L^iehly  i  ography.  University  of  Cwliimda, 

197 

41      —14 


198     •     Yearbook  of  Agriculture,  1941 


A  line  drawn  from  the  northeastern  corner  of  the  State  of  Washing- 
ton, through  the  intersection  of  the  eastern  boundary  of  Nevada  with 
the  Colorado  River  and  prolonged  to  the  Mexican  boundary,  passes, 
along  most  of  its  length,  through  the  driest  parts  of  the  United  States. 
Eastward  from  this  line  the  increasing  annual  total  of  precipitation 
falls  mainly  in  summer,  while  westward  from  it,  toward  the  rainier 
areas  nearer  the  Pacific  Ocean,  more  precipitation  falls  in  winter. 
Westward  as  far  as  the  barrier  formed  by  the  Cascade  and  Sierra 
Nevada  Mountains,  which  stretch  from  the  Canadian  border  to  the 
Mojave  Desert,  the  winter  precipitation  is  too  scanty  to  raise  the 
country  out  of  the  general  class  of  arid  lands ;  but  from  these  mountain 
ranges  to  the  coast,  except  in  interior  valleys,  it  is  sufficient  to  support 
a  natural  cover  of  grass,  brush,  and  forest  much  more  abundant  than 
is  found  in  true  steppe  and  desert.  In  coastal  mountains,  where  the 
annual  precipitation  is  from  40  to  100  inches  and  more,  the  heaviest 
forests  of  the  United  States  grew,  and  in  many  places  still  grow.  The 
boundary  between  the  arid  lands  and  the  area  of  summer-dry  climates 
follows  approximately  the  barrier  formed  by  the  Sierra  and  the 
Cascades. 

The  average  annual  precipitation  along  the  Pacific  coast  increases 
from  9.7  inches  at  San  Diego  to  83.5  inches  at  Tatoosh  Island  at  the 
entrance  of  the  Strait  of  Juan  de  Fuca.  Inland  from  the  coast  there 
is  a  comparable  increase  northward,  if  stations  at  comparable  eleva- 
tions and  exposure  are  compared.  The  principal  increase  is  in  the 
amount  of  precipitation  that  falls  in  winter.  The  months  of  December, 
January,  and  February,  though  comprising  only  one-fourth  of  the 
year,  provide  40  to  60  percent  of  the  annual  total.  The  difference 
between  south  and  north  is  less  marked  in  summer,  when  June,  July, 
and  August  bring  only  1  to  10  percent  of  the  total  annual  precipitation. 
The  dry  season  becomes  shorter  and  the  amount  of  rain  that  falls  in 
the  summer  months  becomes  greater  from  south  to  north,  but  in  the 
lowlands,  where  agriculture  is  important,  the  dry  summer  produces  a 
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shortage  of  water  in  the  soil  all  the  way  from  the  Mexican  to  the 
Canadian  border.  Summer  drought  is  the  most  conspicuous  feature 
of  the  climates  of  both  mountain  and  valley  in  the  Pacific  Coast 
States. 

Except  for  occasional  local  summer  thunderstorms  in  the  mountains, 
the  rains  are  brought  by  cyclonic  storms  that  move  in  from  the  Pacific. 
In  summer  the  tracks  followed  by  these  storms  lie  far  to  the  north. 
In  winter  the  storms  are  both  more  numerous  and  more  intense  than 
in  summer,  and  they  follow  paths  lying  far  enough  south  to  give  rain 
(frequently  snow  in  the  mountains)  to  the  Pacific  States.  The  summer- 
dry  area  of  our  Pacific  coast  is  the  southern,  drier  edge  of  the  rainy 
belt  of  northwestern  North  America,  which  includes  the  coasts  of 
British  Columbia  and  Alaska,  throughout  which  there  is  a  winter 
maximum  and  a  summer  minimum  of  precipitation. 

A  further  prominent  characteristic  of  the  Pacific  coastal  climates 
is  the  mildness  of  the  winters  at  low  elevations  as  compared  with 
those  in  the  same  latitudes  in  the  interior  of  the  continent  and  on  the 
Atlantic  coast.  In  popular  opinion  outside  the  Pacific  States,  the 
mild  winters  are  perhaps  more  familiar  than  the  dry  summers.  They 
are  the  product  of  two  influences — the  presence  of  the  Pacific  Ocean 
to  the  west  and  the  mountain  barrier,  generally  with  high  plateau 
country  behind  it,  to  the  east.  Air  coming  from  the  sea  in  winter  is 
everywhere  warmer  than  air  that  has  been  refrigerated  by  passage 
over  snow-covered  land.  The  high  and  continuous  wall  of  mountains 
acts  as  a  mechanical  check  to  air  that  has  been  cooled  over  the  snow- 
covered  interior  of  the  continent.  This  continental  air  does  at  times 
spill  over  the  mountains  and  through  the  few  breaks  in  them,  but  it 
must  descend  anywhere  from  2,000  to  5,000  or  6,000  feet  in  order  to 
reach  the  low  elevations  where  most  of  the  population  lives.  In 
descending  to  lower  levels,  where  higher  pressures  prevail  than  on 
the  plateaus,  the  air  is  compressed  and  thereby  warmed  mechanically. 
The  coldest  air  experienced  in  winter  in  the  lowlands  of  the  Pacific 
States  is  sometimes  low  enough  to  injure  the  less  hardy  cultivated 
plants,  but  it  would  be  considered  mild  in  the  same  latitudes  in  the 
Mississippi  Valley. 

In  the  dry  summer  only  elevation  and  proximity  to  the  sea  moderate 
the  high  temperatures  attained  by  ground  surface  and  air  under  the 
daily  flood  of  sunshine.  The  sea,  cool  for  its  latitude,  maintains  low 
temperatures  along  the  coast,  where  "high  fog"  contributes  further 
toward  keeping  temperatures  low  by  screening  off  the  sun's  rays. 
This  effect  rapidly  becomes  weaker  inland;  the  valleys  of  the  Coast 
Ranges  are  notably  warmer  than  the  immediate  coast.  Still  farther 
inland,  midday  temperatures  of  over  100°  F.  are  observed  day  after 
day  in  summer.  These  high  temperatures  rapidly  exhaust  the  water 
retained  in  the  soil  from  the  winter  rains  and  make  the  drought  of  the 
rainless  summer  more  severe. 

PLANTS  IN  THE  SUMMER-DRY  CLIMATES 

When  the  Pacific  coast  of  the  present  United  States  was  first  ex- 
plored by  Europeans  the  country  was  covered  by  a  mosaic  of  forest, 
grassland,  and  scrub  (chaparral)  distributed  mainly  in  accordance 
with  the  dryness  of  the  surface  in  summer.     This  dryness  is  not 
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merely  the  effect  of  varying  amounts  of  winter  rain  but  depends  also 
in  part  on  varying  exposure  to  the  sun's  rays  in  summer.  North- 
and  northeast-facing  slopes  are  less  dry  than  those  facing  south  and 
southwest  and,  under  natural  conditions,  are  occupied  by  plants 
requiring  more  moisture.  The  gradation  from  forest  through  chap- 
arral to  desert  is  easily  interpreted  as  the  consequence  of  decreasing 
winter  precipitation  and  rising  summer  temperature  from  north  to 
south  and  from  highland  to  lowland;  but  the  climatic  relations  of  the 
grasslands  occurring  at  irregular  intervals  from  the  middle  California 
coast  northward  are  still  a  problem.  Woody  plants  with  deep  and 
extensive  root  systems  may  draw  in  summer  on  the  ground  water 
accumulated  during  the  winter.  Grasses  and  the  herbaceous  plants 
associated  with  them  make  their  vegetative  growth  hi  late  winter 
and  spring,  when  there  is  still  a  supply  of  soil  water,  and  ripen  their 
seeds  early  in  the  dry  summer. 

The  relation  of  the  native  plants  to  the  seasonal  conjunction  of 
deficient  soil  water  and  high  temperature  underlay  early  agriculture 
and  underlies  agriculture  today  where  the  land  is  not  irrigated. 
Unirrigated  crops  must  either  be  able  to  subsist  through  the  summer 
on  ground  water  collected  by  deep,  perennial  root  systems,  as  do  the 
native  trees,  or,  if  annuals,  must  ripen  their  seeds  in  summer  after 
making  their  vegetative  growth  in  spring  before  the  soil  water  within 
reach  of  their  roots  is  exhausted.  Many  of  the  crops  that  have  a 
firm  place  in  modern  agriculture  do  not  conform  to  these  require- 
ments. Besides  common  garden  vegetables,  the  reader  will  immedi- 
ately think  of  such  important  crops  as  com  and  potatoes.  These 
cannot  be  grown  in  the  summer-dry  climates  without  irrigation, 
except  in  favored  spots  where,  as  on  low  valley  floors  close  to  perma- 
nent streams,  ground  water  is  within  reach  of  their  shallow  roots. 

AGRICULTURAL  BEGINNINGS 

The  sparse  European  settlements  in  the  Pacific  Coast  States  found 
by  the  American  pioneers  in  the  late  forties  of  the  past  century  are 
shown  in  figure  1.  This  map  emphasizes  the  two  nuclear  areas  of 
settlement  that  existed  before  the  great  influx  of  immigrants  from 
the  eastern  part  of  the  United  States — California  (more  properly 
Upper  California  at  that  time)  and  the  Oregon  country.  The  be- 
ginnings of  agriculture  had  been  made  in  both  areas  before  the  great 
immigration. 

Agriculture  was  introduced  into  California  along  with  other  elements 
of  Spanish-colonial  ways  of  life  late  in  the  eighteenth  century.  In 
the  early  days  of  Spanish  colonization  the  missions  were  the  centers 
and  examples  of  agricultural  practice.  The  Spanish  missionaries 
were  undoubtedly  the  best  equipped  among  the  early  European  immi- 
grants into  California  to  introduce  agriculture  there.  Much  of 
Mexico,  whence  the  colonists  came,  is  dry;  horticulture,  production 
of  grain  under  dry-farming  methods,  and  the  herding  of  livestock, 
all  well-established  in  Mexico,  were  easily  transplanted  to  Upper 
California.  The  Spaniards  had  brought  from  Spain,  also  a  country 
with  dry  summers,  tree  crops  and  grains  that  could  flourish  in  this 
part  of  North  America.  Mission  agriculture  included  extensive 
herding  of  livestock  on  the  ample  tracts  assigned  to  the  missions, 
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Figire  1. — Nuclei  of  settlement   in   the  far   West   before    the  California  gold   rush. 
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grain  farming,  the  production  of  tree  crops  such  as  figs,  olives,  and 
grapes,  and  garden  cultivation  with  the  aid  of  irrigation  from  the 
streams  of  the  Coast  Range.  It  represented  an  efficient  use  of  land 
and  of  climatic  resources  when  the  population  had  to  produce  only 
a  little  more  than  was  consumed  locally  and  export  markets  and 
transportation  were  limited. 

After  the  attainment  of  independence  by  Mexico  in  the  twenties 
of  the  nineteenth  century  and  the  disestablishment  of  the  missions 
in  the  thirties,  the  cultivation  of  crops,  largely  carried  out  at  the 
missions  by  the  half-enslaved  Indians  attached  to  them,  declined. 
Much  land  in  coastal  California  and  some  in  the  interior  was  granted 
in  large  tracts  to  immigrants  from  Mexico  and  from  other  countries. 
On  these  large  tracts  was  developed  the  social  structure  found  by  the 
immigrants  who  came  to  California  from  the  United  States  in  the  late 
forties.  The  chief  use  of  the  land  was  for  grazing  immense  herds  of 
cattle,  sheep,  and  horses.  Trade  connections  by  sea  existed,  but  the 
principal  export  product  was  hides.  Early  life  in  California  has  been 
highly  romanticized  in  popular  literature,  but  there  can  be  no  doubt 
of  its  economic  backwardness.  Thus  in  spite  of  the  small  population 
of  California  and  the  productivity  of  much  of  its  soil,  there  was  a 
woefully  inadequate  supply  of  foodstuffs — aside  from  "jerked" 
beef — for  the  hordes  of  immigrants  that  poured  into  central  and 
northern  California  during  the  gold  rush. 

Though  in  the  pioneer  period  there  was  some  movement  back  and 
forth  across  the  forty-second  parallel,  the  historic  boundary  between 
California  and  the  Oregon  country,  settlement  of  the  northern 
territory  followed  a  different  course  from  the  settlement  of  California. 
It  followed,  rather,  the  general  pattern  of  pioneer  settlement  familiar 
in  the  forested  country  of  the  eastern  United  States.  Before  the 
influx  of  immigrants  the  principal  settlements  were  trading  posts  of 
the  Hudson's  Bay  Co.  In  the  Oregon  country  there  was  the  familiar 
sequence  of  trapper  and  Indian  trader,  missionary  and  frontiersman, 
and  finally  the  pioneer  settler  staking  out  his  frontier  farm  on  public 
land.  Here,  too,  relations  with  the  Indians  were  similiar  to  those 
that  obtained  in  the  pioneer  period  in  the  East.  No  civilizing  influ- 
ence that  incorporated  the  Indians  into  a  local  economic  system, 
such  as  was  exercised  by  the  missions  in  California,  and  little  in  the 
way  of  large-scale  preemption  of  the  land  had  prepared  the  Oregon 
country  for  the  settlers  who  flocked  westward  over  the  Oregon  Trail 
at  the  same  time  that  others  were  "  rolling  down  the  slopes  of  the 
Sierra  Nevada"  into  California.  Here,  too,  where  the  more  abundant 
winter  rains  maintain  a  better  supply  of  ground  water  through  the 
shorter  summer-dry  season,  the  crops  with  which  the  settlers  were 
familiar  in  their  earlier  homes  in  the  Mississippi  Valley  and  the  East 
could  be  grown  more  easily  than  in  California. 

DEVELOPMENT  OF  WESTERN  AGRICULTURE 
AND  IRRIGATION 

E.  J.  Wickson,  who  knew  California  agriculture  thoroughly  and 
had  witnessed  much  of  its  history,  characterized  its  development  in 
the  last  four  decades  of  the  nineteenth  century  as  follows:2   1860-70, 

3  Wickson,  E.J.    rural  California.    399  pp.,  illus.    New  York.    1923.    See  pp.  100-101. 
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decade  of  wheat;  1870-80,  decade  of  wool:  1880-90,  decade  of  fruit; 
1890-1900,  decade  of  dairy  awakening.  A  parallel  development  was 
followed  in  the  western  parts  of  the  two  Northern  Pacific  States. 
The  agricultural  practices  mentioned  gave  character  to  the  decades 
to  which  Wickson  assigned  them  by  great  expansion  rather  than  by 
wholesale  replacement  of  practices  dominant  in  earlier  years.  All 
of  the  branches  mentioned,  as  well  as  the  forms  of  agriculture  current 
in  the  Spanish  and  Mexican  periods,  made  permanent  contributions 
to  the  varied  agricultural  life  of  the  Pacific  States. 

Successive  shifts  in  emphasis  on  different  agricultural  products  were 
the  reflection  of  a  prevailing  speculative  interest  in  the  use  of  land. 
Production  of  one  crop  after  another,  each  promising  large  returns, 
was  expanded  until  prices  were  depressed  and  the  use  and  sale  of  land 
for  that  crop  ceased  to  be  profitable.  Then  the  attention  of  speculative 
producers  and  vendors  of  land  turned  to  a  new  product.  The  specu- 
lative sale  of  land  to  newcomers  from  the  Middle  West  and  East  has 
been  a  means  of  dividing  large  land  holdings  into  tracts  of  one-family 
size. 

Intensification  of  the  use  of  the  land,  the  consequence  of  continued 
heavy  immigration,  has  involved  particularly  an  increase  in  the  area 
devoted  to  fruits  and  vegetables  grown  for  eastern  and  foreign  markets 
and  has  been  associated  with  steadily  increased  use  of  water  for  irri- 
gation. From  north  to  south  irrigation  increases  in  importance  as  the 
total  annual  precipitation  decreases.  But  only  in  dry  interior  valleys 
and  in  southern  California  does  it  dominate  agriculture  to  the  extent 
of  being  absolutely  necessary  for  crop  production.  Throughout  the 
greater  part  of  this  climatic  region  irrigation  is  a  supplementary  source 
of  water  for  crops  and  so  is  a  feature  of  intensification  of  agriculture 
rather  than  a  necessary  basis  for  it.  The  place  of  irrigation  in  the 
summer-dry  climates  differs  in  this  respect  from  its  place  in  the  true 
dry  climates. 

Aside  from  its  climatic  effects,  the  topography  of  the  Pacific  States 
has  had  a  further  effect  on  agriculture  by  determining  the  distribution 
of  lands  smooth  enough  for  tillage  and  especially  for  irrigation.  Popu- 
lation and  cultivation  of  the  soil  are  almost  wholly  confined  to  valleys. 
In  this  valley  agriculture,  the  neighboring  mountains  play  an  im- 
portant part.  Everywhere  they  receive  more  precipitation  than  the 
valley  floors.  Run-off  from  them  goes  into  the  valleys  as  surface 
streams  or  as  ground  water  and  so  becomes  available  in  part  to 
supplement  the  scantier  rainfall  of  the  valleys.  Development  of  agri- 
culture has  been  closely  linked  with  increasingly  more  efficient  use 
of  run-off  from  the  mountains.  In  the  Spanish  and  Mexican  periods 
California  agriculture  used  strictly  local  water  supplies,  but  these 
local  supplies  have  been  inadequate  where  large  aggregations  of  popu- 
lation have  been  built  up.  Constantly  larger  amounts  of  water  have 
been  required  for  direct  use  by  cities  and  for  irrigation. 

Thus  far,  water-supply  systems  as  large  as  those  built  by  cities 
have  not  been  built  for  irrigation.  On  thousands  of  farms,  water  is 
pumped  directly  out  of  the  ground  for  the  irrigation  of  its  surface. 
Natural  summer  run-off  through  streams  supplied  by  melting  snow 
in  the  Sierra  Nevada  and  Cascade  Mountains  has  provided  a  further 
supply.  Winter  run-off  has  mostly  gone  unused  to  the  sea.  The 
next  step  in  the  better  utilization  of  the  winter  precipitation  involves 
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the  large-scale  storage  for  use  during  the  summer  of  this  water  that 
has  heretofore  run  off  unused  in  winter  and  spring.  Already  work 
has  begun  on  the  largest  of  the  projects  for  such  storage  and  distribu- 
tion of  water,  the  Central  Valley  water  project  in  California.  Com- 
parable in  function  though  not  in  magnitude  is  the  coordinated  water 
plan  for  the  Willamette  Valley  in  Oregon.  These  systems  of  dams 
and  canals  will  represent  a  long  step  toward  what  must  be  the  ultimate 
goal— namely,  as  complete  use  as  is  practicable  of  winter  precipitation 
for  crop  production  during  the  dry  summer. 

THE   SUMMER-DRY   CLIMATES   IN  THE   ECONOMY 
OF  THE  UNITED  STATES 

The  prime  value  in  our  national  economy  of  the  lands  of  summer 
drought  on  the  Pacific  coast  is  as  a  source  of  plant  products  that 
require  mild  winters  and  long  growing  seasons.  Citrus  fruits,  the  less 
hardy  deciduous  fruits,  fresh  vegetables  in  winter — these  are  their 
most  important  contributions  at  present.  Rainless  summers  make 
possible  the  inexpensive  drying  of  fruits,  which  puts  into  the  market 
prunes,  raisins,  dried  peaches,  and  apricots.  In  its  present  relation  to 
American  economy  in  general,  the  primary  technical  problem  of  agri- 
culture in  the  Pacific  Coast  States  is  to  make  increasingly  more  effec- 
tive use  of  the  mild  winters  and  the  long  growing  season  in  the  face 
of  the  great  obstacle  presented  by  the  rainless  summers.  To  over- 
come that  obstacle  supplementary  irrigation  is  necessary.  Hence  the 
key  position  of  water  in  Pacific  coast  agriculture.  The  volume  of 
water  flowing  through  ditches  to  supply  thirsty  crops  in  summer  has 
been  the  measure  of  the  intensity  of  agriculture  in  this  region,  from 
the  meager  trickle  that  watered  a  mission  garden  over  a  century  ago 
through  the  period  of  local  irrigation  districts  of  the  past  generation, 
and  it  will  continue  to  be  the  measure  when  the  Kings  and  Sacramento 
Rivers  and  the  tributaries  of  the  Willamette  are  subjugated  tomorrow. 
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The  Colonization  of 
Northern  Lands 

By  Vilhjalmur  Stefansson  l 

THIS  IS  MORE  than  a  matter-of-fact  discussion  of  the  possi- 
bilities of  settlement  in  Alaska  and  other  northern  lands.  The 
author  is  an  enthusiast  about  his  subject  and  shows  it;  he  even 
gets  some  of  the  flavor  and  feel  of  life  in  the  north  into  the 
discussion.  The  primary  question  that  concerns  him  is:  Why 
is  it  that  Scandinavia  and  Finland  have  16  million  inhabitants 
wliile  our  own  northern  Territory  of  Alaska  has  only  72,500? 


Vilhjalmur  Stefansson  began  his  scientific  career  as  an  anthropologist,  hut  his  work  developed   ilong 
c-al  lines  and  the  history  of  geographic  discovery.    Among  his  published  hook-  ire  Vnthropological 
rapen;  The  Friendly  Arctic;  The  Northward  Course  of  Empire;  Adventures  in  Error;  Iceland:  The  First 
■1  Republic:  and  The  Arctic  Manual. 
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Lands  north  of  the  Arctic  Circle  have  as  yet  been  "colonized,"  in 
the  usual  meaning  of  the  word,  only  in  Europe;  elsewhere,  uncolonized 
lands  spread  a  long  way  south  of  the  technical  Arctic  boundary. 

The  answer  to  sparseness  of  settlement  and  lack  of  modern  devel- 
opment in  northern  lands  comes,  I  think,  less  from  the  physical 
sciences  than  from  the  humanities.  A  study  of  geography,  geology, 
climatology,  and  the  rest  is  needed;  but  the  answer  is  more  pertinent 
and  more  readily  grasped  when  the  inquiry  begins  with  history,  soci- 
ology, and  economics. 

REASONS  FOR  SPARSE  NORTHERN 
SETTLEMENT 

The  Answer  From  History 

It  is  doubtful  whether  there  has  been  any  biological  adaptation  of 
man  to  his  northward  movement  from  the  Tropics  or  subtropics;  at 
any  rate,  it  seems  clear  that  the  Eskimos,  most  northerly  people  in 
the  New  World,  get  their  faces  frozen  as  easily,  shiver  as  often,  and 
make  all  similar  responses  to  chill  as  readily  as  whites,  Negroes,  or 
South  Sea  Islanders. 
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Man's  ability  to  spread  northward  is,  then,  either  wholly  or  chiefly 
cultural  and  depends  mainly  on  clothes,  housing,  and  the  use  of  fire. 
Secondarily  it  depends  on  the  solution  of  numerous  other  problems  of 
environmental  change  resulting  from  a  northward  movement. 

The  lands  of  the  south  are  the  lands  of  our  past,  understood  because 
they  are  known  to  us  through  history,  literature,  and  tradition.  By 
contrast,  the  lands  of  the  north  are  the  lands  of  the  future,  unknown 
as  the  future  is  unknown.  Their  problems,  insofar  as  they  differ 
from  those  of  the  ancestral  south,  are  new;  the  solutions  remain  to  be 
discovered.  We  fear  the  unknown  north — and  with  good  reason,  for 
conditions  which  knowledge  and  skill  might  turn  to  our  advantage 
prove  hostile  and  even  deadly  when  we  lack  the  mental  and  physical 
equipment  needed  to  meet  them. 

That  fear  and  misunderstanding  of  the  north  are  basic  to  our 
thinking  could  be  shown  by  a  hundred  examples.  For  instance,  a 
New  Yorker  would  undoubtedly  assume  that  an  unusually  cold 
winter  is  hard  luck  for  both  the  east  coast  of  Florida  and  the  west 
coast  of  Greenland.  Let  him  visit  Florida,  and  everyone  there  will 
support  him.  Indeed,  no  proof  is  needed ;  for  the  experience  of  a 
thousand  generations  has  taught  that  frosts  in  the  sub  tropics  are 
destructive.  But  in  west  Greenland  he  would  receive  no  confirma- 
tion of  his  view.  Eskimos  and  veteran  whites  alike  would  tell  him 
that  a  colder  winter,  or  at  least  a  winter  that  has  more  ice  than  usual 
in  the  sea,  gives  better  harvests  of  the  crops  on  which  the  Green- 
landers  rely — the  beasts  that  come  with  the  ice  and  go  with  the  ice, 
that  are  primarily  dependent  on  frozen  water,  as  the  Eskimos  are 
secondarily  dependent  on  it. 

The  fear  of  the  north  which  pervades  Mediterranean  culture  is  not 
based  merely  on  such  common-sense  reasons  as  I  have  given.  That 
Europeans  did  not  attempt  to  cross  the  Tropics  during  the  1,500  years 
preceding  Henry  the  Navigator  (1394-1460)  was  due  to  their  firm 
belief  that  neither  man  nor  plant  could  endure  the  terrific  heat  of  a 
middle  zone  of  the  earth,  which  was  too  near  the  sun  or  too  directly 
below  it.  This  was  based  on  the  Greek  doctrine  that  the  earth  was 
divided  into  five  zones,  only  two  of  which — the  Temperate  Zones — 
were  habitable.  Since  Henry's  time  colonization  of  the  Tropics  has 
been  retarded  by  a  survival  of  the  old  belief  in  a  modified  form — that 
although  the  Tropics  were  livable  they  were  so  hot  as  to  be  very  un- 
comfortable for  Europeans,  as  well  as  demoralizing  to  them,  mentally 
and  physically.  Similarly,  a  "knowledge"  that  the  Arctic  was  lifeless 
because  of  distance  from  the  sun  or  because  the  sun's  rays  there  were 
too  slanting,  at  first  prevented  exploration  and  development.  More 
recently,  with  the  Arctic,  as  with  the  Tropics,  development  has  been 
hindered  by  residual  beliefs  derived  from  the  original  Greek  doctrine. 

A  northern  limit  beyond  which  animals  and  plants  do  not  go  was 
believed  in  so  recently  that  even  polar  explorers  said  in  print  less  than 
20  years  ago  that  the  accounts  in  my  book,  The  Friendly  Arctic,2 
of  how  a  party  of  us  lived  by  hunting  on  the  moving  pack  ice  of  the 
open  sea  several  hundred  miles  north  of  Alaska,  were  fiction.     Roald 

■  Stefansson,  Vilhjalmur.    the  friendly  arctic;  the  story  of  five  years  in  polar  regions.    784 
pn..  illus.     New  York  and  London.     1921. 
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Amundsen,  for  instance,  said  in  his  autobiography,  published  at 
Oslo  in  1927.3  among  other  things  of  similar  trend: 

A  more  unreasonable  distortion  of  conditions  in  the  Xorth  has  never  been  set 
forth  than  that  a  skilful  marksman  "can  live  off  the  land.'"  wStefansson  has  never 
done  it.  although  he  says  he  has.  Furthermore,  I  am  willing  to  stake  my  repu- 
tation as  a  Polar  explorer,  and  will  wager  everything  I  own,  that  if  Stefansson 
were  to  attempt  it  he  would  be  dead  within  eight  days,  counted  from  the  start, 
provided  that  this  takes  place  on  the  Polar  ice.   which  stoutly  adrift 

over  the  open  sea. 

The  Mediterranean  doctrine  about  a  region  too  far  north  for  any 
life  w  fed  until,  in  May  and  June  of  1937.  a  group 

of  four  explorers  from  the  Union  of  Soviet  Socialist  Republics,  led 
by  Ivan  Papanin,  reported  from  the  immediate  vicinity  of  the  Xorth 
more  than  half  a  dozen  species  of  birds,  a  mother  polar  bear 
with       bs  s  mg  that  they  must  have  been  born  on  the  drifting 

sea  ice  in  the  vicinity,  shrimps  moving  sluggishly  in  the  leads,  seals 
eating  the  shrimps,  and  a  gradient  of  animal  and  plant  life  from  sur- 
face to  bottom  of  the  ocean  that  resembled  the  life  gradient  of  well- 
known  parts  of  the  north  Atlantic. 

The  Answer  From  Sociology 

Th-  ideal,  or  perhaps  better  the  ethnological,  handicap  has 

been  similar  to  the  historical  er  but  one  sample  element — 

our  cultural  attitude  toward  water. 

It  is  fundamental  in  southern  thinking  that  water  is  useful  and 
;ble  as  a  liquid,  but  that  it  is  undesirable,  hostile,  and  even 
deadly  when  a  solid.  In  the  north,  the  attitude  is  the  reverse, 
nsidered  to  be  most  friendly  and  useful  when  it  is 
cold  and  hard.  In  the  south,  people  think  of  water  in  its  relation  to 
travel  as  something  in  which  you  swim,  or  on  which  you  move  by 
oar.  sail,  or  steam  power.  With  southerners  it  is  a  miracle  to  walk 
on  water.     To  northerners  the  most  commonpl  -     of  water  is  to 

walk  on  it:  thereafter  they  think  of  it  as  a  highway,  or  highway 
material,  for  sledges.  trac~  j,  snow -hoes,  skates,  and  airplanes. 

pes  are  so  naturally  adapted  for  the  use  of  caterpillar 
tract  :  the  far  north  where,  through  half  the  year  or  more, 

y  river  is  a  winding  boulevard  and  every  lake  as  flat  and  hard  as  a 
tennis  court.  In  nonmountainous  regions,  lakes  cover  50  to  60  per- 
cent of  the  landscape  on  an  average,  the  remainder  being  largely 
swamp  that  is  impassable  to  bract*  heeled  vehicles  in  summer 

but  becomes  hard  as  concrete  in  winter.  By  laving  out  routes  of 
travel  that  cross  isthn  ween  lakes  where  they  are  low  and  not 

-mall  labor  as  to  be  scarcely  credible  to 
southerners,  to  open  up  practically  the  whole  Arctic  and  subarctic 
throughout  the  winter  to  tractor  movement. 

•  other  sample  handicaps  from  this  division  of  the  cultural 
field  may  be  mentioned — southern  clothes  and  southern-type  house 
doors 

The  anthropoloi.  in  general  agreement  that  clothes  had  a 

large  part  of  their  origin  in  n:  -  .  ition.     A  New  Yorker 

d  for  returning  home  from  his  office  in  January  wears  an  outfit 

1  AxrxDisxx.  Roald.  s.    Im  Explorers   Club   Tales,  pp.  1-8,  fflus.  New  York,  1936. 

— " .  from  Mit  Lit  Sam  Pohrforsker,  1927J 


The  Colonization  of  Northern  Lands     •     209 

weighing  perhaps  15  pounds  that  would  not  keep  him  reasonably 
warm  for  15  minutes  if  he  sat  still  at  — 15°  F.  An  Eskimo  of  northern 
Alaska  wears  in  January  a  10-pound  suit  in  which  he  would  be  less 
chilled  after  50  minutes  at  —50°.  The  Eskimo  designs  his  clothing 
for  warmth,  mobility,  and  comfort;  fundamentally  we  design  ours  to 
look  at. 

The  second  sample  cultural  handicap  is  the  typical  European  door, 
perhaps  7  feet  high  and  3  feet  wide,  which  is  located  in  the  wall  of  a 
house.  Those  are  good  doors  for  the  Tropics.  At  —50°  F.  you  have 
to  dodge  in  and  out  of  such  a  door.  When  it  is  opened,  volumes  of 
chilled  air  roll  in  along  the  floor  to  make  the  room  noticeably  colder; 
volumes  of  heated  air  rush  out  through  the  upper  half  of  the  door, 
without  making  the  outdoors  noticeably  warmer. 

The  sensible  door  for  cold  weather  is  of  the  Eskimo  type.  It  may 
be  of  the  same  dimensions,  3  feet  by  7,  but  it  is  a  horizontal  door  in 
the  floor.  Such  a  door  is  typically  kept  open  both  day  and  night, 
for  (apart  from  a  slight  "diffusion  of  gases")  gravity  prevents  the 
warm  air  which  fills  the  house  from  sinking  down,  while  the  cold 
air  from  below  the  door  cannot  press  up  into  the  house  because  it 
is  already  full  of  warm  air.  Ventilation  is  assured  by  a  stovepipelike 
ventilator  in  the  roof,  through  which  the  warm  air  rushes  out  under 
terrific  pressure  from  an  atmosphere  that  has  been  weighted  by  the 
outdoor  chill,  while  cold  air  rises  gradually  through  the  comparatively 
large  door  and  spreads  along  the  floor  without  any  draft  or  any  other 
effect  that  discommodes  the  occupants. 

By  making  a  few  score,  or  perhaps  a  few  hundred,  adjustments 
like  those  suggested  for  transportation,  clothing,  and  houses,  a  system 
of  comfortable  living  in  regions  of  the  longest  and  coldest  winters 
may  be  devised — a  comfort  upon  which  is  based  the  nearly  universal 
verdict  of  those  who  have  lived  in  the  north  that  they  prefer  the 
winter  season  to  the  summer. 

The  Answer  From  Economics 

On  my  first  journey  north  through  Canada  down  the  Mackenzie 
River  system  in  1906  I  learned  that  for  decades  before  my  time  the 
Hay  River  Valley  had  been  recognized  as  nearly  ideal  for  cereals 
and  for  the  type  of  mixed  farming  associated  with  States  like  Wisconsin. 
There  were  few  if  any  summer  frosts  that  would  interfere  with  wheat — 
not  so  many,  for  instance,  as  in  that  part  of  North  Dakota  where 
I  was  brought  up,  the  Red  River  Valley.  The  soil  was  rich;  there 
was  a  variety  of  prairie,  meadowland,  and  timber.  There  were 
fewer  blizzards  than  in  North  Dakota,  and  they  were  less  violent. 
There  was  a  more  dependable  rainfall. 

But  the  Hay  River  district  remains  uncolonized  to  this  day,  although 
tapping  it  would  bring  into  production  one  of  the  potentially  richest 
food  regions  of  even  that  great  food-producing  country,  (he  Dominion 
of  Canada.  The  wheat  growers  of  the  prairie  Provinces  do  not  feel 
themselves  any  too  prosperous  on  what  they  are  now  able  to  get  for 
their  crops  and  consider  that  if  additional  millions  of  bushels  of  the 
world's  best  wheat  were  to  stmt  pouring  in  from  a  new  district  there 
would  be  a  further  depression  of  prices.  This  accounts  also  for 
opposition   by   wheat    farmers    to   railway    extension    into    the   Hay 
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Valley,  which  would  not  be  technically  difficult.  The  Hay  district 
is  also  a  potential  source  of  dairy  products,  wool,  and  honey,  which 
accounts  for  the  opposition  of  still  more  groups  of  voting  Canadians. 
So  there  is  a  tacit  agreement  in  Canada  that  under  the  present  economic 
set-up  it  is  not  feasible  to  colonize  the  Hay. 

Another  example  comes  from  Alaska,  Some  years  ago  a  company 
with  offices  in  Seattle  and  Nome  got  several  railways  to  agree  to 
serve  reindeer  meat  in  their  dining  cars.  The  venture  was  so  success- 
ful that  rumors  of  the  new  food  and  how  much  people  were  liking  it 
spread  rapidly  through  the  cattle  and  sheep  region,  and  it  was  not 
long  until  protests  began  to  come  in  from  farmers  in  the  United 
States.  At  least  two  States  boycotted  the  meat — Kansas  and  Ne- 
braska. There  was  the  equivalent  of  an  ultimatum:  "If  you  want 
to  handle  our  business  you  will  have  to  eat  our  meat."  Reindeer 
meat  was  withdrawn  from  the  dining  cars.  When  it  is  realized 
that  perhaps  the  easiest  money  crop  to  produce  in  Alaska,  after 
gold  and  fish,  is  reindeer  beef,  one  more  of  the  ways  in  which  the 
present  economic  and  political  set-up  tends  to  hold  back  the  coloni- 
zation of  Alaska  is  evident.  I  am  not  saying  here  whether  this  ought 
to  be  so ;  I  am  merely  pointing  out  that  it  is  so. 

The  Answer  From  Geography 

To  say  that  the  development  of  the  far  north  is  being  retarded  by 
mileage  distance  from  commercial  centers  is  really  begging  the 
question.  A  1941  voyage  from  Seattle  to  Nome  is  snorter  in  time, 
safer,  and  easier  than  a  1641  voyage  from  London  to  Boston.  If 
our  civilization  were  still  in  the  expanding  phase  of  the  seventeenth 
and  eighteenth  centuries,  distances  would  mean  less  now  than 
they  did  then. 

If  you  are  willing  to  be  an  old-fashioned  pioneer — a  Lincoln  of 
Illinois,  a  Nordic  of  a  Swedish  inland  valley,  or  a  Mongol  of  central 
Finland — you  can  make  their  type  of  living  in  the  Alaska  of  today. 
But  there  are  few  places  where  it  is  more  difficult  than  in  Alaska  to 
be  a  successful  "economic  man."  The  Finns  and  the  Swedes  colo- 
nized their  northern  lands  when  they  were  subsistence  hunters,  sub- 
sistence fishers,  and  subsistence  farmers — when  they  were  in  a  Lincoln 
or  pre-Lincoln  stage  of  economic  and  social  development. 

There  are  said  to  be  12  million  people  now  in  the  whole  of  Scandi- 
navia, which,  speaking  alphabetically,  is  Denmark,  Iceland,  Norway, 
and  Sweden.  The  total  is  16  million  including  Finland,  and  Finland 
must  be  included  in  order  to  make  a  reasonable  comparison  with 
Alaska  on  an  area  basis. 

Scandinavia-Finland,  then,  is  a  northern  land  developed  through 
an  earlier  culture.  Alaska  is  a  northern  land  which  is  at  least  open 
for  development  under  our  present  culture — if  a  district  can  be 
called  open  that  is  fenced  off  by  so  many  economic,  sociological,  and 
psychological  barbed-wire  fences. 

Scandinavia  (including  Iceland)  and  Finland  cover  about  500,000 
square  miles;  Alaska  about  586,000.  The  climate  of  northern  Alaska 
is  similar  to  that  of  northern  Finland;  southern  Alaska  resembles 
southerly  Scandinavia.  The  central  Alaskan  climate  has  more  violent 
extremes  than  are  found  even  in  central  Finland,  but  that  is  perhaps 
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in  Alaska's  favor,  at  least  economically  speak:    g  :  when  winter 

temperatures  once  go  below   —  " 

man's  comfort  or  freedom  of  movement  whether  m  limit   is 

— 58°,  as  in  Finland,  or  —  ~  ikon  B 

fall  of  10°  in  midwinter  is  of  negligible  impoar 

niidsmnmer  is  of  profound  importance.     The  ton  Valley 

:  J^--:z  -:-.-:-  :..  : :--  :':  :..  :.-■■.'.  •:.  :  .;:.r-:  :  -:--;.-:-  :s  greater 
-.:.--:-  :i.-ir.  ir_~":-rr-  :r.  Fir.L-i-r.  :  ~:.  '■'•4:-  ::.  :.-\~:.~:  "<y-.trv  :s  th^re 
much  danger  if  proper  care  n  out  with  certain  economic 

plants — wheat,  for  instance — a  rise  of  10°r  or  e  I  vast 

consequence.  There  is,  accordingly,  no  reason  to  doubt  that  on  the 
average  wheat  culture  will  be  more  successful  on  and  jus  f  the 

Arctic  Circle  in  Alaska,  where  there  is  this  additional  summer  heat, 
than  it  is  in  the  same  latitudes  in  Finland. 

There  are  a  few  known  resources  in  which  Scandinavia -Finland 
excels  Alaska     The  most  important  is  probably  iron 
that  for  cattle  and  sheep  grazing  there  is  a  higher  perr 
suitable  country  in  Scandinavia.    But  for  reir.  more 

land — and  reindeer  grazing  is  really  more  valuable  than  sheep  or 
cattle  grazing,  in  that  reindeer  meat,  beeaus  >mmands 

as  high  prices  as  any  meat  wh  -     ndmavk 

is  much  cheaper  than  any  other  meat  to  produce  in  a  climate  of  long 
winters,  since  the  animals  require  no  barns  k  n  and  no 

hay  to  feed  them.    Reindeer  are  as  native  to  A 

Both  AbA»  and  Scandinavia-Finland  have  great  wealth  in  their 
surrounding  waters.    In  herring,  cod,  halibut,  anc  com- 

mercially valuable  fishes.  Alaska  may  fall  behind;  b  far  ahead 

in  salmon  that  there  is  little  doubt  the  total  Alaskan  fisher. 
potentially  more  valuable  than  the  Scandinavia        9  ocean 

fishing.    In  river  fisheries,  Alaska  far  excels  Scandinavia. 

A  comparison  of  forest  resources  is  difficult,  for  so  much  depends 
on  what  a  given  tree  is  used  for  in  a  given  decade.  Disregarding  species 
and  thinking  only  of  cordage  or  board  feet,  Alaskan  fc  urces 

ire  --•:  ::  1-  ±:  -■-  :~  -.Lose  :•:  No  :"-,■::,  7  ir. :  S'-v-ii-r.   xooiooo-  :.. 

In  several  important  resources,  Alaska  is  so  far  ahead  of  Scandi: 
that  there  can  be  scarcely  any  comparison.     Alaska  is  known  to  be 
rich  in  coal;  Scandinavia  has  little.     Alaska  has  in  various  pal 
the  Territory  promising  oil  districts;  Scandinavia  has  n< 
known  consequence.    Alaska  is  famous  for  its  gold,  a  mineral  negligible 

:r.  2''-1'1-  ::r- :  '"-■'---' ---  'r-  : 

There  is  little  doubt,  then,  that  if  Alaska  ha  i  as  long 

ago  as  Scandinavia  by  people  of  European  culture  it  would  now  be 
supporting  a  larger  population  than  Scandinavia  and  supporting  it 
more  easily.  Instead  of  having  fewer  than  75,000  people,  as  now.  the 
Territory  could  easily  have  more  than  10  mill: 

Al— 1«  has  been  used  as  an  example  to  show  that,  i: 
north  is  colonizable.     But  some  of  the  ways  in  which  Alaska  and 
Scandinavia  differ  from  the  Canadian  an<i   a 
arctic  regions  are  not  necessarily  to  the  disadvantage 
from  the  standpoint  of  colonization.    The  ratio  of  I  prairie  is 

much  higher  in  Alaakm  and  Scandinavia,  generally  speaking,  than  in 
:or.::r.er.-.aI  :.,:":.   77.  ■":.:.:    •     :  -:'-. ■•::.-•       Bit  is    it    boon  theeoiont- 
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zation  point  of  view  a  handicap  that  hundreds  of  thousands  of  square 
miles  should  be  grassland  instead  of  spruce  forest?  The  forest  can 
be  looked  upon  commercially  as  eventual  pulpwood.  But  a  time 
when  we  need  more  meat  is  as  likely  to  come  as  a  time  when  we  need 
more  newsprint.  The  prairie  still  carries,  according  to  a  recent  Ca- 
nadian estimate.  3  million  head  of  caribou  north  of  the  tree  line.  The 
caribou  has  long  been  domesticated  under  the  name  of  reindeer;  the 
musk  ox  is  now  being  domesticated.  These  two  beasts  annually  con- 
vert millions  of  tons  of  edible  northerly  vegetation  into  millions  of 
pounds  of  that  musk  ox  beef  which  Admiral  Peary  has  said  is  better 
than  any  domestic  beef,  and  into  that  favorite  food  of  Scandinavians, 
reindeer  beef. 

Besides  meat,  the  northern  animals  supply  leather.  The  skins  of 
the  reindeer  make  the  best  clothes  known  for  cold  weather,  and  the 
wool  of  the  musk  ox.  by  the  findings  of  the  textile  department  of  the 
University  of  Leeds,  has  the  softness  of  cashmere,  the  warmth  of 
merino,  good  wearing  qualities,  and  will  not  shrink. 

One  may  jump  to  the  conclusion  that  the  more  intense  winter  cold 
of  northern  Canada  and  Siberia  would  make  these  regions  noticeably 
less  desk-able  for  human  residence  than  are  corresponding  latitudes 
of  Alaska  or  Scandinavia.  But  Canadian  travelers  and  residents  at 
Good  Hope  on  the  Mackenzie  River  complain  no  more  of  —78°  F. 
than  the  Americans  of  the  Yukon  River  do  of  —68°  at  Fort  Yukon; 
and  the  Russians  are  no  more  troubled  by  their  —88°  in  Yakutsk 
province  than  the  Canadians  are  by  their  —78°  in  the  Northwest 
Territories. 

But  it  is  otherwise  with  the  summer  heat.  A  warmth  of  80°  F.  in 
the  shade  at  Matanuska  may  give  only  a  poor  grade  of  wheat,  or 
wheat  that  has  not  ripened,  while  a  warmth  of  00°  on  the  Tanana.  a 
few  hundred  miles  farther  north,  would  give  a  high-grade,  well- 
ripened  product. 

It  has  been  assumed  by  many  that  ground  frost,  more  extensive  in 
Siberia  and  Canada  than  in  Alaska  and  Scandinavia,  is  a  draw-back. 
Experience  shows,  however,  that  while  in  some  ways  this  is  true,  in 
others  ground  frost  is  advantageous.  To  begin  with,  a  frozen  layer 
some  inches  or  feet  below  the  surface  will  prevent  rain  and  thaw 
water  from  sinking  beyond  the  reach  of  plant  roots,  as  it  may  do 
where  the  ground  is  not  frozen.  Then  ground  frost  provides  a  reserve 
of  moisture,  for  if  a  summer  is  unusually  dry.  the  surface  thaw  will 
penetrate  1  or  a  few  inches  deeper  than  usual,  whereupon  the  very 
thawing  of  the  muck  produces  water  that  plants  can  use.  How 
this  works  out  in  practice  may  be  studied,  among  other  sources,  in 
the  series  of  reports  by  C.  C.  Georgeson  on  his  experiments  in  Alaska, 
made  on  behalf  of  the  United  States  Department  of  Agriculture. 

THE  NORTHERN  GROWING  SEASON 

It  must  be  kept  in  mind  that  the  northern  season  of  relative  dis- 
comfort is  the  summer,  when  there  are  stifling  temperatures  and  the 
mosquitoes  come  out  in  numbers  unknown  to  tropical  or  Temperate 
Zone  experience.  Generally,  the  worst  mosquito  season  is  from  May 
to  early  July.  Before  the  mosquitoes  noticeably  decrease,  however, 
sand  flies  begin  to  increase  and  are  troublesome  during  July  and 
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August.  But  experience  shows  that  biting  insects,  the  greatest 
handicap  of  the  Arctic  and  subarctic,  can  be  dealt  with  by  protective 
clothing.  There  are  also  special  northern  ways  of  dealing  with  the 
heat.  One  can  sleep  during  the  hottest  part  of  the  day,  say  from  10 
a.  m.  to  6  p.  m.  True,  nights  are  not  nearly  so  much  cooler  than 
days  where  the  sun  does  not  set  as  they  are  in  the  Tropics  and  the 
Temperate  Zone;  but  even  so,  they  are  cooler.  You  can  find  cool 
sleeping  quarters  in  a  basement,  where  the  permanently  frozen  ground 
lowers  temperature,  if  not  elsewhere  in  the  house.  Then  there  is  the 
blessing  that  the  northern  summer  is  short.  Autumn  is  as  delightful, 
where  Temperate  Zone  and  Arctic  meet,  as  it  is  in  New  England; 
and  after  that  comes  the  long,  clean,  clear  winter,  the  time  of  year 
all  northerners  prefer,  the  time  of  free  movement  and  varied  activity. 

The  shortness  of  summer  pleases  the  northerner  because  of  his 
dislike  for  heat  and  biting  insects;  it  makes  the  southerner  uneasy 
because  he  fears  too  short  a  growing  season  for  vegetation.  For 
southerners  may  not  realize  that  wheat  and  many  other  plants  do 
not  grow  by  days  of  the  calendar  but  by  hours  of  sun.  There  are  in 
midsummer  24  hours  of  sun  a  day  on  that  bend  of  the  Yukon  where 
it  crosses  the  Arctic  Circle;  there  are  not  much  more  than  12  on  the 
Amazon.  So  wheat  in  the  Amazon  highland  works  only  one  12-hour 
shift  each  calendar  day;  wheat  in  the  Yukon  lowland  works  two  shifts 
of  that  length.  From  this  it  may  be  assumed  that  wheat  can  grow 
as  much  in  1  Yukon  day  as  in  2  Amazon  days.  Some  say  it  ripens 
on  the  Yukon  in  two-thirds  of  the  Amazon  time;  others  make  it  three- 
quarters.4 

In  June  1938  the  first  crop  of  cucumbers  in  the  Chukchi  Peninsula 
of  northeastern  Siberia  was  produced  out  of  doors.  From  the  time 
the  cucumbers  were  planted  to  the  time  they  were  full-grown  was 
42  days.  In  Moscow  the  time  would  have  been  about  60  days. 
During  this  season  12,000  cucumbers  were  grown. 

Another  common  failure  to  grasp  northern  principles  is  to  suppose 
that  in  the  north,  summer  frosts  destructive  to  wheat  necessarily 
increase.  The  contrary  is  true.  At  Lacombe,  near  the  southern 
boundary  of  Canada",  during  15  years  the  average  frost-free  period 
was  only  69  days;  but  at  Beaverlodge,  200  miles  farther  north,  it  was 
80  days,  and  at  Fort  Vermilion,  230  miles  farther  north  than  Beaver- 
lodge, it  was  88  days.  This  increasing  length  of  the  frost-free  period 
has,  of  course,  nothing  to  do  with  Japan  Current,  Chinook  wind,  or 
any  other  fanciful  explanation ;  it  is  due  to  the  simple  and  constantly 
observed  fact  that  in  the  wheat  country  which  runs  north  through 
the  center  of  the  continent,  much  of  it  originally  prairie,  a  July  frost 
results  from  a  gradual  accumulation  of  chill  during  a  long  absence  of 
the  sun,  the  actual  deadly  nip  usually  coming  just  before  or  just  after 

4  A  copy  of  this  paragraph,  or  a  paraphrase  of  it,  was  sent  to  half  a  dozen  authorities  for  their  comment. 
One  thought  it  completely  wrong — believed  that  wheat  would  grow  as  much  during  a  warm  dark  night  as 
during  a  warm  sunshiny  day  and  that  the  calendar  time  between  planting  and  ripening  would  be  about 
the  same  in  the  Red  River  Valley  of  Arkansas  and  in  theTanana  Valley  of  Alaska  if  the  average  tempera- 
ture for  the  24  hours  were  the  same.  However,  this  statement  apparently  was  based  on  theory,  not  on 
statistics  of  observed  growth.  Another  specialist  was  in  general  agreement  with  the  paragraph  and  gave 
as  his  own  rough  estimate  that  from  Oklahoma  north  to  Peace  River  the  calendar  growing  season  of  wheat 
would  shorten  about  1  day  for  each  200  miles,  on  which  basis  Tanana  wheat  should  ripen  in  L2  days'  less 
time  than  Oklahoma  wheat.  Several  correspondents  thought  that  the  speedy  growth  reported  from  the 
Arctic  Circle  was  probably  due  only  in  part  to  the  factors  mentioned  in  my  paragraph.  I  agree,  but  let 
the  paragraph  stand,  since  this  is  a  popular  statement  and  I  feel  I  have  been  guilty  of  extreme  simplification 
rather  than  oversimplification— that  I  am  giving  the  nontechnical  reader  an  approximately  correct  point 
of  view. 
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sunrise.  Northward  from  Lacombe  to  Fort  Vermilion  the  summer 
nights  get  shorter  rapidly,  which  accounts  for  the  northward  increase 
in  length  of  the  frost-free  period;  north  of  Vermilion  the  darkness 
does  not  last  long:  enough  in  midsummer  to  produce  a  sufficiently  low 
temperature  for  a  destructive  frost. 

From  the  wheat-raising  point  of  view,  it  is  a  handicap  to  some 
northern  lands  that  they  are  too  much  affected  by  warm  ocean  cur- 
rents. Iceland,  for  instance,  where  on  the  south  coast  January  tem- 
peratures are  like  those  of  Philadelphia  or  Milan,  cannot  raise  wheat 
successfully — it  seldom  ripens  properly,  for  the  summers,  though 
long,  are  not  sufficiently  hot.  The  same  may  be  true  for  considerable 
parts  of  the  southward-facing  coast  of  Alaska.  However,  if  com- 
munities like  Matanuska  are  not  very  well  adapted  for  wheat,  they 
are  well  adapted  for  hay.  for  garden  vegetables,  and  perhaps  for 
cereals  other  than  wheat.  In  Alaska  the  chief  wheat  production  will 
no  doubt  be  so  far  north  that  the  Alaska  Range  will  protect  it  from 
the  sea  influence.     The  bulk  of  it  is  likely  to  be  in  the  Yukon  Basin. 

POSSIBILITIES  OF  ALASKAN  DEVELOPMENT 

On  the  possibility  that  Alaska  may  develop  into  a  greater  Scandi- 
navia in  population,  just  because  it  is  on  the  whole  greater  than  Scan- 
dinavia in  resources,  further  light  is  shed  by  a  study  of  Alaska  census 
figures.  The  United  States,  of  which  Alaska  is  a  part,  had  what  are 
now  considered  to  have  been  good  times  between  1910  and  1920;  but 
during  that  decade  the  white  population  of  Alaska  decreased  from 
36,400  to  27,883.  During  another  period  of  what  are  now  thought 
of  as  good  times,  from  1920  almost  to  1930,  Alaska's  population 
gained  by  757  persons,  probably  a  few  more  than  can  be  accounted 
for  by  excess  of  births  over  deaths.  Times  have  been  hard  since  1930, 
but  there  has  been  an  increase  to  40,000  whites  in  1940,  usually  said 
to  be  due  in  the  main  to  the  rise  in  the  price  of  gold. 

It  has  been  recognized  by  Canadians  for  some  time  that  their  only 
notable  recent  development  beyond  the  frontier  has  been  related  to 
the  precious  minerals,  gold,  platinum,  and  radium.  Even  in  spite  of 
the  present  s^t-up  and  its  current  disapproval  of  subsistence  living, 
Alaska  may  possibly  be  able  to  do  a  little  better.  For  in  addition 
to  mining,  the  fisheries  may  be  expanded  considerably,  and  the  ex- 
ploitation of  forest  resources  may  be  developed  with  some  rapidity. 

Reindeer  will  perhaps  be  the  significant  test  for  Alaska  under  the 
new  policy  of  the  Department  of  the  Interior.  With  the  quarter  of  a 
million  head  (estimated  by  the  Department  of  the  Interior  as  now  in 
Alaska)  to  go  on,  a  reindeer  industry  could  be  developed  so  rapidly 
that  in  a  few  decades  the  permanent  safe  grazing  limit  of  the  various 
large  and  small  Alaska  prairies  would  be  reached.  With  this  in- 
dustry established,  not  only  would  there  be  a  small  resident  popula- 
tion throughout  the  Territory  depending  on  it,  but  also  a  cheap  and 
excellent  source  of  food  would  be  available,  which  would  make  it 
easier  to  show  profit  on  an  exporting  and  importing  basis  from  a 
development  of  some  of  the  other  resources.  One  of  the  first  indus- 
tries to  benefit  from  success  with  reindeer  would  be  gold  mining — 
properties  now  unworkable  would  begin  to  pay  through  a  more  abun- 
dant labor  supply  from  the  pastoral  population  and  a  cheaper  food 
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supply  from  their  herds.  Gold  is,  of  course,  from  the  point  of  view 
of  the  Alaska  chambers  of  commerce,  an  ideal  product,  for  you 
cannot  eat  it  and  therefore  have  to  sell  it;  butter,  eggs,  and  meat  are 
not  nearly  so  good  from  the  point  of  view  of  commerce,  for  they  may 
be  eaten  instead  of  sold. 

When  I  wrote  The  Northward  Course  of  Empire,  published  in  1922,5 
I  was  capable  of  seeing  only  the  resources  of  the  north — a  climate 
liked  by  those  who  know  it,  a  country  rich  in  many  of  the  raw  ma- 
terials of  our  culture.  In  1922  my  eyes  were  still  holden  by  the 
pioneer  concepts  of  the  time  before  1890  and  by  an  outlook  derived 
from  a  boyhood  in  that  Territory  which  is  now  North  and  South 
Dakota,  Since  then  I  have  grown  sufficiently  realistic  to  understand 
that  the  qualities  which  would  have  brought  a  flood  of  immigrants 
in  1890  may  draw  only  a  baker's  dozen  in  1940. 

It  seems  to  me,  then,  that  what  The  Northward  Course  of  Empire 
says  is  so  practically  true  that  it  could  have  been  made  true  in  prac- 
tice— at  any  time  before  1890.  Now  its  conclusions  regarding  rapid 
development  and  large  resident  populations  in  the  near  future  have 
to  be  judged  against  the  following  economic  and  social  backgrounds, 
among  others: 

(1)  Under  conditions  as  they  are  at  present  in  northern  Canada 
and  Alaska,  there  can  be  no  rapid  development.  A  guess  would  be 
that,  except  for  a  possible  war  stimulus,  Alaska's  white  population 
of  40,000  would  not  reach  100,000  in  the  next  10  years. 

(2)  But  once  upon  a  time  there  was  a  system  of  more  or  less  capi- 
talistic exploitation  under  great  corporations  that  might  still  prove 
successful.  Examples  are  the  seventeenth-century  companies,  typ- 
ically British  or  Dutch,  of  which  the  Hudson's  Bay  Co.  is  perhaps  the 
best  example.  If  such  a  corporation  had  the  rights  and  privileges 
it  had  before  1869,  it  could  perhaps  justify  to  its  stockholders  a  large- 
scale  Canadian  Arctic  and  subarctic  program  promoting  rapid 
development,  involving  many  activities,  and  including  a  swift  increase 
in  population.  If  we  in  the  United  States  wanted  to,  we  could 
authorize  one  or  more  such  huge  corporations  for  the  development  of 
Alaska. 

(3)  Judging  from  such  near  miracles  as  have  been  accomplished  by 
cooperatives  during  the  last  10  years,  say  in  Palestine  and  Iceland 
(also  in  several  other  countries,  among  them  parts  of  mainland 
Scandinavia),  it  would  seem  that  an  Alaskan  population  growth, 
which  I  have  estimated  at  a  top  of  100,000  whites  in  10  years  with 
the  present  system,  might  be  increased  to  at  least  a  million  in  10  years 
through  such  encouragement  of  cooperatives  in  Alaska  as  they  receive 
in  Iceland. 

(4)  Then  there  is,  of  course,  outright  socialism — government 
ownership  and  development.  During  the  last  10  years,  Soviet 
Arctic  shipping  has  increased  many  thousand  percent.  The  popula- 
tion of  several  Arctic  and  subarctic  towns  has  increased  several 
hundred  and  even  several  thousand  percent.  The  Archangel  popula- 
tion figures  are  76,774  for  1926  and  281,091  for  1939,  an  increase  of 
266.1  percent.  The  corresponding  figures  for  Murmansk  are  8,777 
and  1 17,054,  which  is  1,233.6  percent  in  13  years.     Such  is  the  growth 

5  Stefansson,  Vii.iuai.mvk.     the  NOKTHWAKii  0O1  RSI  OI  KMiniK.     27 1  pp.,  illus.     New  York.     1922. 


216     •      Yearbook  of  Agriculture.  1911 

of  places  that  were  already  cities.  Where  villages  have  grown  to 
cities,  the  percentages  are  frequently  colossal;  as.  for  instance.  Igarka, 
which  had  less  than  500  inhabitants  10  years  ago  and  now  has  more 
than  15,000.  Under  socialism,  then,  it  might  reasonably  be  expected 
that  many  now  living  would  see  the  time  when  Alaska  would  support 
as  many  people  as  the  Finno-Scandinavian  region  and  support  them 
in  a  comparable  degree  of  well-being.  That,  however,  is  a  most 
academic  consideration;  for  the  United  States  shows  fewer  signs  of 
going  socialist  than  almost  any  country.  With  the  possible  exception 
of  Wall  Street.  Alaska  is  the  least  socialistically  minded  place  in 
America. 
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Climate  and  Settlement  in 

Puerto  Rico  and  the 

Hawaiian  Islands 


Bv  James  Thorp 


HERE  ARE  two  regions,  both  situated  in  the  milder  outer 
Tropics,  with  rather  similar  climates  and  some  of  the  same  nat- 
ural advantages.  In  one,  much  of  the  population  faces  serious 
economic  difficulties  like  those  found  in  parts  of  the  continental 
United  States.  In  the  other,  the  general  level  of  living  is 
•  oiwderably  higher.  What  makes  the  difference?  Not  climate, 
the  author  argues,  but  the  balance  between  population  and 
available  re-ources. 


James  Thorp  ■ 
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It  is  a  common  belief  that  white  people  cannot  lead  normal  lives 
in  the  Tropics  but  must  make  frequent  and  prolonged  visits  to  tem- 
perate regions  in  order  to  maintain  their  health  and  ability  to  repro- 
duce." While  this  may  be  true  of  certain  limited  areas  in  the  Tropics, 
it  is  interesting  to  consider  the  facts  concerning  white  settlement  in 
relation  to  climate  in  the  milder  tropical  areas  of  Puerto  Rico  and 
the  Hawaiian  Islands.  Experience  in  these  areas  seems  to  warrant 
the  conclusion  that  climate  alone  in  the  milder  Tropics  offers  no 
great  obstacle  to  settlement  by  white  people.  Poverty  and  disease, 
which  accompany  overpopulation  and  bad  economic  and  social  con- 
ditions, are  the  chief  causes  of  distress  and  misery,  as  they  are  in  more 
temperate  regions. 

SETTLEMENT  IN  PUERTO  RICO 

The  first  colonization  of  Puerto  Rico  by  the  Spaniards  was  in  1508. 
following  its  discovery  by  Columbus  in  1493.  It  is  estimated  (6) 
that   there  were   SO. 000   to   100.000   Carib  Indians  on  the  island  at 

that  time.  Although  these  people  at  first  were  friendly  to  the  stran- 
gers, friendship  was  soon  replaced  by  hate  when  the  greedy  settlers 
began  forcing  them  to  work  the  gold  deposits.  In  the  following 
years  there  was  a  bloody  struggle  between  the  whites  and  Caribs 
Which  ended  in  the  killing  or  driving  out  of  practically  all  of  the 
latter  by  15S2.  Even  as  early  as  1515  it  was  estimated  that  scarcely 
more  than  4.000  Caribs  remained. 

Negro  slaves  were  first  introduced  about  1510.  and  their  number 
in  proportion  to  whites  gradually  increased.  According  to  Price 
(6),  who  collected  data  from  many  sources — 

In  1815  the  "Schedule  of  Gracev  opened  the  island  to  world  commerce,  and 
immigrants,  including  practical  farmers  from  Louisiana,  came  in.  In  1S45  the 
island  contained  216. 1S3  whites.  175.791  free  colored  persons  and  51.265  slaves. 
By  the  time  of  the  Treaty  of  Paris.  1S9S.  there  were  570. 1S7  whites.  239.S0S 
persons  of  mixed  color,  and  75.824  negroes. 

The  census  of  1930  showed  a  population  of  1.543.913.  and  that  of 
1935-36  indicates  that  there  were  about  1.750.000.  or  501  to  the 
square  mile,  on  the  island  at  that  time.  Of  this  number  it  is  esti- 
mated that  somewhat  less  than  one-third  are  colored.  This  is  in 
contrast  to  a  total  of  52  percent  colored  in  1S02  (Price)  and  indicates 
that  the  whites  are  competing  sucessfully  with  the  blacks  for  settle- 
ment of  the  island.  The  decrease  in  the  proportion  of  colored  people 
appears  to  be  partly  due  to  the  fact  that  there  is  relatively  little 
race  prejudice  among  the  mass  of  the  people  and  consequently  the 
whites  are  absorbing  the  blacks  through  miscegenation.  Further- 
more, the  importation  of  Negro  slaves  was  of  course  discontinued 
long  ago.  and  there  has  been  a  considerable  influx  of  white  people 
since. 

When  the  island  was  discovered  in  1493  the  Indians  were  raising 
corn,  sweetpotatoes.  manioc,  or  cassava,  and  other  vegetables  and 
fruits  3  .  Their  only  meat  was  fowl  and  fish,  although  it  is  possible 
that    they   may   occasionally   have   eaten   the   flesh   of  the   manatee 

B   COW). 

:  The  gist  of  this  old  controversy  has  been  outlined  bv  Hanson  (5).  (Italic  numbers  in  parentheses  refer 
to  Literature  Cited.  ;. 


in  Puerto  Rioo  and  Hawaiian  Islands     • 

Sugarcane  was  first  introduced  into  Puerto  Rico  from  Haiti  in  1515. 
and  the  first  sugar  mill  was  built  in  1548.  Crude  sugar  was  being 
exported  to  Spain  before  the  landing  of  the  Pilgrims  in  New  England . 
From  that  tone  on,  commercial  sugar  has  been  produced  continuously, 
but  the  total  amount  has  been  great  only  in  the  last  two  or  three 
_- -:  - -;■!-.■  :.- 

present  the  greater  part  of  the  rich  alluvia]  flood  plains  and 
river  terraces  and  of  the  gently  sloping  uplands  is  devoted  to  sugar- 
Much  of  this  land  has  gradually  been  combined  to  form  large 

efficiency  in  management  of  land  and  manufactui 
Small  farms  have  been  purchased  by  the  large  companies, 
and  the  dispossessed  landowners  have  been  obliged  to  settle  in  small 
villages  around  the  sugar  milK  where  they  obtain  seasonal  employ- 
-rn:  ::  :-:  —  \~^  :•■:  \-r  :•■:  _zl  LiLjt  Land?  "n::.  ::":.■  :'.r  vt^  v,T~reo 
zy  fire?:?  A:  :.  :-s-:i:  :i-  :  ■  :>  :■:'  P^r:'  ?.:■-••  &:-  :•' i.*: -:.-;•;.--•  . 
in  urban  centers,  in  sugar-factory  communities,  and  on  the  lands 
that  are  too  rough  and  broken  to  be  suitable  for  cane  production. 
The  result  is  that  the  rural  people  of  the  lowlands  and  middle  high- 
Laz.ds  LiTr  m.  :i-  Ira.?:  :::•:•:  i:::t^  >oiLs  and  na:.-  :  -.Len  r£r 
their  existence  by  walking  daily  to  the  cane  fields  and  sugar  factories 
daring  the  seasons  of  rush  wok.  They  are  able  to  raise  enough 
vegetables  and  fruits  to  supply  part  of  their  subsistence  but  must 
obtain  sufficient  cash  to  pay  nr  imported  rice,  beans,  and  codfish. 
Ll  •.:-  iigir:  :•■:  i^'rr  —  1^:--  iL-:-  ar-  r-iaziT  >;.r—  :.ia:.:&-:  •■:_-  ::.- 
rirai  i^'-oL-r  a:-?  i-s-  :-•:  *:--l :.:•:.:■-_  :ia:.  ::.  :.:-i~  i,  ;;.■--:,:  :•<:  ;-ar.- 
fidds,  although  even  here  most  of  them  live  in  small  communities 
ar-.-ize  li. -  Lac-i^da  ie.adc^a:-..-:-= 

Apparently  tobacco  is  indigenous  to  the  island,  but  according  to 
Dorsey  (7)  its  cultivation  was  forbidden  by  papal  bulls  and 
deciecs  until  1614.  By  1836  production  of  tobacco  had  increased 
sufficiently  for  nearly  5,000,000  pounds  to  be  exported  in  1  year,  and 
since  that  time  there  have  been  great  fluctuations  in  the  amount 
rased  and  exported-  Tobacco  is  produced  both  in  the  rolling  plateau 
country  of  the  region  near  Gayey  and  Aibonito  and  in  the  lowlands 
:,.:..  "1-  i-::-irn  :••:  a.?:  .r_L  >  -■-»-:  ":  :r-  v.r.a---<>:  is  :  ;•  • .  ••  -■:. 
small  farms,  the  population  is  more  evenly  distributed  than  in  areas 
srLrTr  riraroazi-  >  :l-  :„-.::.   :■;■;: 

C:z^  -j.-  :-r-:  :.:•:•:_:-•:  ::.  P.-:".-  Ji:-y  -_:.•-  :h-  -:l~L:— :.:L 
ivrZL^iry.  _l-  an:  — :  :::•:•::>-:.  :^  f.  .-:_;.--■--■_  i"--.:-.-.".  Cone- 
and  the  shade  trees  necessary  for  the  production  of  hign-quali ty  coffee 
have  been  destroyed  or  severely  damaged  during  each  of  several  very 
severe  hnrrkanes.  With  these  losses  and  the  present  low  price  of 
coffee  it  k  difficult  for  the  growers  to  make  a  living,  even  though  the 
Puerto  Bican  type  of  coffee  commands  a  pnwiiium  in  the  European 


Coffee  gromers  are  nearly  all  southern-European  whites;  the  black 

---la::,:    7  •-•-:_>■   liT~   '---■'-^'-      '--'■'-■    -7,v    *"--•'    -------^  >  wh-r- 

is  raised.    The  Negroes  and  mulattoes  are  largely  concentrated 
the  seaeoast  near  the  sugar  factories  and  in  the  I     . 
It  appears  that  health  conditions  were  fairly  good  in  the  early 

• :'  ■":.-    —  -"'.-■:.-.-■  r  -   ':  P   •:-■■    ?k  :•■•:■    }>~r.  -;..    \.—     -_.--.-    ;-;-.      r- .••«■]  iu 
1510  brought  with  them  the  diseases  common  to  the  bla 

A::v:-.i       :;•••>."-:..     .v.... -..~  :,     v-.."    :•-.-;     .-.;       «;  . ....;.  \\-   :.:.v-    -...;•:. 
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a  terrific  toll  of  life  m  Puerto  Rico.  When  the  island  was  taken  over 
from  Spain  by  the  United  States  in  189S.  campaigns  were  started  to 
eradicate  some  of  the  more  dangerous  diseases,  and  yellow  fever  and 
smallpox  have  practically  disappeared  from  the  island.  Malaria  and 
hookworm  continue  to  cause  a  great  amount  of  sickness  and  loss  of 
life.  Before  the  occupation  of  the  island  by  the  United  States,  the 
population  was  increasing  rapidly,  and  with  the  eradication  of  the 
more  deadly  plagues  and  the  amelioration  of  the  less  deadly  diseases, 
the  rate  of  increase  has  been  further  augmented. 

At  the  present  time,  the  island  has  a  larger  population  than  can  be 
well  supported  by  its  own  agriculture.  It  appears  that  it  is  headed 
toward  serious  difficulties  unless  industries  that  will  employ  more 
people  and  increase  their  income  can  be  introduced.  Mass  migration 
to  other  less  densely  populated  islands  of  the  West  Indies  or  to  the 
United  States  is  a  possible  solution.  There  has  already  been  a  con- 
siderable migration  to  the  United  States,  but  the  population  increase 
has  more  than  offset  this  loss.  Recently  enacted  insular  laws  permit 
education  in  methods  of  birth  control,  but  since  this  solution  of  the 
problem  is  not  in  harmony  with  the  religious  beliefs  of  many  of  the 
people,  its  effectiveness  remains  to  be  proved. 

Nearly  every  humanitarian  who  visits  Puerto  Rico  realizes  the 
desperate  condition  of  a  large  proportion  of  the  people  and  proposes 
some  sort  of  remedy.  One  of  the  most  common  is  that  the  lands  now 
devoted  to  sugarcane  should  be  divided  into  small  farms  and  that  the 
people  should  be  encouraged  to  raise  subsistence  crops  instead  of 
sugarcane.  It  seems  extremely  doubtful  whether  such  a  method  of 
distribution  of  wealth  would  improve  conditions,  since  sugarcane  pro- 
duces a  greater  value  per  acre  than  any  other  crop  that  might  be  grown, 
and  the  wages  earned  are  sufficient  to  buy  a  considerably  greater 
amount  of  food  than  could  be  produced  on  the  land.3 

It  seems  as  if  the  introduction  of  more  industries,  either  privately 
owned  or  cooperative,  to  absorb  the  available  cheap  labor  of  the  island 
would  furnish  a  better  solution  if  satisfactory  working  conditions  for 
the  laborers  and  a  fair  degree  of  security  for  the  owners  could  be 
provided.  A  limiting  factor  in  such  a  program  is  the  lack  of  coal  and 
timber.  Water  power  could  be  developed,  however,  to  furnish  con- 
siderable energy  for  industrial  plants. 

Whatever  may  be  the  solution,  the  present  inhabitants  of  Puerto 
Rico  are  undeniably  in  a  serious  economic  plight,  which  is  becoming 
worse  as  the  already  overcrowded  island  becomes  more  densely 
populated. 

In  Puerto  Rico  it  has  been  demonstrated  beyond  question  that 
southern -European  whites  can  settle  successfully  in  the  milder  tropical 
areas  and  can  compete  with  the  black  race,  although  it  is  necessary  to 
control  the  many  diseases  that  thrive  in  tropical  regions,  particularly 
where  a  large  part  of  the  people  are  poverty-stricken. 

It  has  been  estimated  (S.  pp.  41-43}  that  wages  earned  on  sugar  plantations  will  buy  three  and  one-half 
times  as  much  other  food  as  could  be  raised  on  the  same  land.  The  estimate  is  based  on  the  average  yields 
of  common  food  crops  in  Puerto  Rico.  Probably  more  food  could  be  produced  by  using  superior  strains  of 
plants  and  by  following  scientific  methods  of  culture,  but  even  then  it  is  doubtful  whether  food  crops  would 
equal  sugar  in  value  to  the  laborer. 
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GEOGRAPHIC  SETTING  AND  CLIMATE  OF 
PUERTO  RICO 

Geographically.  Puerto  Rico,  the  least  of  the  four  Greater  Antilles. 
lies  in  about  v  latitude  as  the  Sahara  Desert  and  is  slightly 

farther  south  than  the  island  of  Hawaii.  It  is  nearly  rectangular  in 
shape,  a  little  more  than  100  miles  long  from  east  to  west,  and  more 
than  35  miles  wide.  The  total  area  is  3.435  square  miles,  including 
Vieqi  bra,  Mona.  and  other  small  dependent  islands  (7). 

The  northern  coastal  plain  is  an  area  of  1::  hills  and  solution 

valleys  (formed  by  water  dissolving  part  of  the  limestone  crossed  by 
several  streams  with  their  level  alluvial  plains  and  terraces.  Much 
of  the  central  part  of  the  island  is  a  deeply  dissected  plateau  with 
general  elevations  ranging  from  1,500  to  2,500  feet.  A  few  mountain 
peaks  extend  abov  :o  about  3,000  feet.     The   •backbone" 

of  the  island  is  an  east-  in  of  mountains  the  top  of  which  varies 

in  distance  from  about  8  to  about  15  miles  north  of  the  southern 
The  higher  peaks  b,  and  the  highest.  Cerro  de  Punta. 

is  4.398  feet  high.  The  high  Luquillo  Range,  on  the  eastern  end  of  the 
islanc  crated  from  the  backbone  by  the  broad  Caguas  Valley. 

a  'Uthern  escarpment  of  the  highest  mountain  ranges  is  precipitous, 
-outhern  coastal  plain  is  narrower  than  that  of  the  northern 
coast  anc  a  series  of  coalescing  level  alluvial  fans  and 

terraces  adjacent  to  t:  -para ted  from  a  series  of  narrow  inner 

plains  by  a  range  of  low  hills  composed  of  limestone,  shale,  and 
volcanic  tuff. 

■  »rding  to  reports  of  early  explorers  (1)  Puerto  Rico  was  originally 
forested  from  the  tops  of  the  mountain  -here,  but  there  is 

plenty  of  evidence  that  the  "forests"  of  the  semiarid  and  arid  southern 
coast  consisted  chiefly  of  scattered  trees,  desert  shrubs,  and  cactus. 
The  forests  of  the  humid  and  wet  areas,  however,  were  originally 
luxuriant. 

The  rugged  interior  of  the  island,  with  its  lush  tropical  vegetation. 
and  the  milder  landscapes  of  the  coastal  areas  offer  an  unusual  variety 
:iic  splendor  to  the  traveler;  but  the  small  proportion  of  normally 
arable  land  increases  the  problem  of  population  pressure. 

ords  of  rainfall  in  Puerto  Rico,  available  from  about  50  stations. 
cover  periods  ranging  from  7  to  30  years  *  and  indicate  a  maximum 
average  annual  precipitation  of  136  inches  and  a  minimum  of  27 
inches.     The  character  of  ration  and  information  from  local 

entfl  indicate  that  the  rainfall  may  average  less  than  20  inches 
in  small  areas  in  the  southwestern  part  of  the  island  and  exceed  150 
inches  on  a  few  of  the  higher  mountain  peaks. 

The  mean  winter  temperature  of  the  northern  and  eastern  coastal 
towns  is  about  75°  F.  and  the  mean  summer  temperature  abo\; 
Mean  temperatures  are  probably  2°  or  3"  hisrh^r  on  the  drier  southern 
coast  in  both  seasons.  The  temperature  seldom  exceeds  90°.  even 
on  the  southern  coast,  and  rarely  falls  below  50°  except  on  the  h 
mountain  peaks.  Temperatures  average  about  5°  lower  in  the 
mountainous  interior  than  on  the  coa* 

Because  of  the  high  mean  temperatures,  the  effectiveness  of  the 

*  Data  assembled  from  Weather  Bureau  records  and  other  sources  by  R.  C.  Roberts  and  others  (7). 
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rainfall  is  considerably  less  than  it  would  be  in  cooler  climates,  and  it 
is  further  reduced  below  that  of  many  cooler  regions  because  of  the 
almost  constant  air  movement. 

The  northeasterly  trade  winds  blow  almost  continuously  winter 
and  summer  during  the  daytime;  they  are  less  persistent  at  night 
when  cool  air  currents  drift  down  to  the  coast  from  the  mountainous 
interior.  The  strongest  winds  blow  on  the  eastern  end  and  the 
northwestern  corner  of  the  island. 

The  climatic  types  of  Puerto  Rico,  according  to  Thorn thwaite's 
system  of  classification  (9),  are  shown  in  figure  1.  Thorn thwaite's 
system  is  designed  to  recognize  the  well-known  principle  that  more 
rain  is  needed  in  warm  countries  to  support  a  given  type  of  vegetation 
than  in  cool  countries. 

The  primary  cause  of  rain  in  Puerto  Rico  seems  to  be  that  the  mois- 
ture-laden winds  of  the  Atlantic  are  forced  upward  by  the  hills  and 
mountains,  which  causes  the  moisture  to  precipitate.  The  maxi- 
mum amount  of  rain  falls  on  the  high  mountain  peaks,  and  as 
soon  as  the  winds  begin  to  descend  on  the  southern  side  of  the  main 
mountain  range,  there  is  a  rapid  decrease  in  rainfall.  From  wet 
mountaintops  south  of  the  center  of  the  island  the  descent  is 
rapid  to  the  semiarid  and  arid  southern  coastal  plain,  where  in 
places  the  rainfall  probably  is  less  than  20  inches  and  precipitation 
effectiveness  is  very  low.  This  rapid  decrease  in  rainfall  is  partly 
due  to  the  fact  that  the  air  loses  most  of  its  moisture  in  the  cool 
mountains  and  therefore  picks  up  rather  than  drops  moisture  as  it 
descends  to  the  warmer  lowlands. 

The  island  lies  in  the  belt  of  West  Indian  hurricanes  (Spanish 
"huracan"  or  "juracan,"  supposedly  a  corruption  of  the  Carib  name 
(3)) — great  whirling  storms  which  are  essentially  the  same  as  the 
typhoons  of  the  Philippine  area.  Periodically  these  storms  are  vio- 
lent enough  to  destroy  most  forests,  crops,  and  buildings  in  their 
path.  Violent  storms  of  this  type  visit  some  part  of  the  island  about 
every  7  to  10  years,  and  hurricanes  of  less  intensity  come  more  fre- 
quently.    They  bring  great  quantities  of  rain  as  well  as  high  winds. 

Nearly  everywhere  in  Puerto  Rico  rainfall  is  markedly  lower  in 
winter  than  in  summer  and  autumn.  Seasonal  differences  in  rainfall 
are  least  marked  along  the  northern  and  eastern  coasts  and  most 
marked  in  the  humid  west-central  and  western  parts  of  the  island, 
where  summer  rainfall  is  several  times  that  of  winter.  At  Mayaguez 
the  average  rainfall  is  1.89  inches  in  January  and  11.26  in  August. 
At  Guajataca  Reservoir  4  inches  of  rain  falls  in  January  and  11.42  in 
September. 

SETTLEMENT  IN  THE  HAWAIIAN  ISLANDS 

The  history  of  the  settlement  of  the  Hawaiian  Islands  has  been 
quite  different  from  that  of  Puerto  Rico.  At  the  time  of  his  first 
visit  to  the  islands  in  1778,  Capt.  James  Cook  found  settlements  of 
Polynesians  making  their  living  by  farming  and  fishing.  A  few  whites 
established  themselves  soon  after  Cook's  visit,  but  permanent  occupa- 
tion by  white  settlement  really  began  in  earnest  about  the  time  of  the 
arrival  of  the  first  Christian  missionaries  in  1820  (4).  Since  that  time 
people  of  many  countries  have  gone  to  the  islands  to  settle,  and  at 
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present  only  a  relatively  small  proportion  of  the  population  consists 
of  pure-blooded  Polynesians.  They  have  mixed  with  the  white  and 
the  yellow  races.  A  large  proportion  of  the  present  population  con- 
sist <  of  Japanese,  Chinese,  Filipinos,   and   people   of    mixed   racial 

origin. 

Health  conditions  on  the  islands  are  better  than  in  many  parts  of 
the  United  States  proper,  and  not  only  is  there  little  unemployment 
but  wages  are  sufficient  to  sustain  a  high  standard  of  living.  Alack 
of  strong  racial  prejudice  in  the  islands  results  in  the  rather  free  mixing 
of  various  racial  groups,  and  in  general  it  appears  that  the  resulting 
ses  are  of  desirable  types. 

The  introduction  of  sugarcane  into  the  Hawaiian  Islands  has 
resulted  in  the  development  of  a  prosperous  sugar  industry  which  has 
been  able,  through  the  use  of  scientific  methods  in  cultivation  and 
development  of  good  varieties  of  cane,  to  produce  some  of  the  highest 
average  vields  in  the  world.  The  pineapple  industry  also  is  prosper- 
ous and  employs  a  large  number  of  people.  Cattle  are  raised  on  a 
lar^e  scale  on  some  of  the  islands  and  high-quality  beef  is  produced. 
Ranching  conditions  in  these  areas  are  much  like  those  of  the  western 
part  of  the  United  States  except  that  the  climate  is  less  rigorous  and 
good  pasture  grasses  can  be  produced  the  year  round.  Dairying  is 
important,  especially  near  Honolulu. 

The  Hawaiian  Islands  are  an  excellent  demonstration  of  the  fact 
that  white  people  can  live  comfortably  in  the  milder  tropics  genera- 
tion after  generation  without  deterioration  from  the  effects  of  climate, 
provided  sanitary  conditions  reduce  dangers  from  tropical  diseases. 
It  may  be  of  some  importance  in  tins  connection  that  relatively  few 
Negroes  have  been  introduced  into  the  islands  and  that  the  diseases 
considered  to  be  characteristic  of  that  race  are  not  prevalent. 

In  contrast  with  Puerto  Rico,  the  Hawaiian  Islands  can  support 
more  than  the  present  population. 

GEOGRAPHIC  SETTING  AND  CLIMATE  OF  THE 
HAWAIIAN  ISLANDS 

The  following  description  is  quoted  from  the  1938  Yearbook  of 
Agriculture  (10): 

The  Hawaiian  Archipelago  is  a  chain  of  islands  nearly  1,600  miles  long  near 
the  center  of  the  North  Pacific  Ocean.  The  larger  islands  form  a  group  about 
37.r)  miles  long  at  the  east  end  of  the  chain  and  entirely  within  the  Tropics.  [The 
<>f  the  principal,  inhabited  islands  are:  Hawaii,  4,030  square  miles;  Maui, 
728:  Oahu,  604;  Kauai.  555:  Molokai,  260:  Lanai,  141;  Xiihau.  72;  and  Kahoo- 
lawe,  45  square  miles.5]  The  total  area  of  the  remaining  small  islands  is  only 
about  6  square  miles. 

The  islands  are  great  volcanic  mountains  rising  from  ocean  depths  of  15,000 
1-1  is, 000  feet  to  a  maximum  elevation  (Mauna  Kea)  of  13,825  feet  above  sea 
level.  The  islands  at  the  west  end  of  the  group  are  apparently  older  than  those 
fart  her  east ,  where  there  is  still  extensive  active  volcanism.  These  western  islands 
nun-  deeply  and  thoroughly  weathered  mantles  of  soil  material  and  are 
more  maturely  dissected — titantic  erosion  has  produced  canyons  3,000  feet  deep 
on  the  island  of  Kauai.  The  island  of  Hawaii,  comprising  two-thirds  of  the  area 
of  the  archipelago,  consists  of  five  volcanic  mountains,  some  of  them  active, 
connected  by  saddles  formed  by  coalescing  or  overlapping  lava  flows.  There  is 
little  dissection  and  there  are  no  stream-  except  in  heavy  rains. 

The  isolation  of  the  islands  and  their  great  diversity  of  soil,  relief,  drainage, 

Iven  an-  those  <>f  the  General  Land  Office  revised  to  1940. 
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and  climate  has  led  to  the  development  of  a  unique  flora  and  one  that  is  extremely 
diversified.  Many  of  the  native  species  are  found  nowhere  else.  There  are 
more  than  1,000  native  flowering  plants,  including  300  kinds  of  trees,  about  150 
species  of  ferns,  among  them  tree  ferns  25  to  30  feet  high,  and  hundreds  of  species 
of  mosses,  fungi,  and  algae. 

The  character  of  the  rainfall  of  the  Hawaiian  Islands  is  much  like 
that  of  Puerto  Rico,  but  the  range  in  precipitation  is  very  much 
greater. 

The  northeast  trade  winds,  blowing  in  from  cool  ocean  currents,  modify  the 
temperatures  and  carry  a  heavy  load  of  moisture,  much  of  which  is  dropped  on 
the  islands.  Rough  relief  and  great  range  in  elevation  produce  great  differences 
in  temperature  and  rainfall  within  short  distances.  Temperatures  are  generally 
lower  than  in  similar  latitudes  and  altitudes  elsewhere.  There  is  a  decrease  of 
about  1°  F.  for  each  rise  in  elevation  of  300  feet.  At  Honolulu,  50  feet  above 
sea  level,  the  mean  annual  temperature  is  74.4°;  at  Humuula  on  Hawaii,  at  an 
elevation  of  6,685  feet,  it  is  52°.  Freezing  temperatures,  frost,  and  snow  very 
rarely  occur  below  4,000  feet  but  are  common  in  winter  above  6,000  feet. 

Rainfall  varies  extremely  from  place  to  place — the  range  being  from  less  than 
20  inches  to  almost  500  inches  annually.  It  is  heaviest  on  windward  slopes 
from  300  to  5,000  feet  above  the  sea.  The  lowlands  receive  less  moisture,  and 
the  lower  leeward  slopes  and  plains  are  arid  or  semiarid.  The  higher  mountains 
have  relatively  low  rainfall  on  the  upper  reaches,  the  moisture-laden  winds  having 
lost  most  of  their  rain  below  6,000  feet.  There  are  no  extreme  wet  and  dry  seasons 
as  in  much  of  the  Tropics,  but  there  is  usually  more  rainfall  in  summer  than  in 
winter.  The  distribution  of  rainfall  on  Oahu  is  shown  on  the  sketch  map 
(fig.  [2]),  which  illustrates  the  effect  of  topography  and  elevation  on  rainfall  in  the 
trade-wind  belt,  though  the  high  mountain  masses  on  Hawaii  and  Maui  have 
some  modifying  effect.6 


FlCl  he  2. — Map  of  Oahu,   showing   the  effect  of  topography   and  elevation  on   <lis- 

trihution  of  rainfall. 


•  Climatological  data  from  records  of  the  Weather  Bureau,  Hawaii  section. 
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Climate  and 
Future  Settlement 


By  Jax  O.  M.  Broek 


AFTER  COLLMBLS  discovered  America,  there  were  several 
centuries  of  intense  pioneering  and  emigration  all  over  the  world. 
This  long  period  has  come  to  an  end.  let  there  are  still  large 
areas  on  the  earth  where  there  is  plenty  of  room  for  more  people. 
Where  are  these  regions?  What  are  they  like?  Why  are  they 
so  thinly  populated?  What  are  the  chances  of  successfully 
colonizing  them  in  the  future? 


Jan  O.  M.  Br  igraphy,  University  of  California. 
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Any  attempt  to  prophesy  is  hazardous,  and  to  evaluate  climate 
as  a  factor  in  future  settlement  is  particularly  difficult.  Not  only  is 
our  knowledge  of  climate  incomplete,  but  the  function  of  climate 
varies  with  the  cultural  level  of' the  occupying  group.  Man  is  not  a 
passive  creature  who  merelv  submits  to  the  forces  of  his  milieu. 
By  setting  his  own  standards,  by  rebelling  against  restrictions  of  the 
environment,  he  has  gradually  overcome  obstacles  and  harnessed 
resources.  There  is  no  reason  to  believe  that  he  has  reached  the  end 
of  his  conquest. 

This  is  not  to  say,  however,  that  all  climates  are  equally  favorable. 
A  study  of  the  present  distribution  of  population  clearly  reveals  that 
certain  zones  offer  stubborn  resistance  to  dense  settlement  (fig.  1). 
In  general,  these  regions  belong  to  the  following  three  climatic  ex- 
tremes: (1)  Areas  with  low  rainfall — the  deserts;  (2)  areas  with  low 
temperatures— the  polar  regions;  (3)  areas  with  a  combination  of 
year-round  high  precipitation  and  high  temperatures — the  equatorial 
rain-forest  regions.  On  the  margins  of  these  are  the  transition  zones 
to  the  so-called  temperate  climates — respectively,  the  semiarid  steppes, 
the  subpolar  forests,  and  the  seasonally  dry  outer  Tropics  (fig.  2). 

No  doubt  one  could  speculate  in  various  ways  on  eventual  changing 
relations  between  settlement  and  climate  in  the  already  well-popu- 
lated regions;  but  this  article  will  focus  attention  on  regions  with 
unsolved  climatic  problems  in  other  parts  of  the  world  than  the 
United  States.  The  discussion  will  also  be  limited  to  the  possibilities 
of  settlement  by  peoples  of  European  stock  (1,  2,  4)-2 

SETTLEMENT  IN  TROPICAL  LANDS 

Of  the  three  climatic  extremes,  the  equatorial  lowlands  with  their 
excessive  moisture  and  heat  appear  to  be  least  repellent  to  human 
settlement.  They  may  not  have  a  high  density  of  population,  but 
neither  do  they  show  the  empty  spaces  typical  of  the  deserts  and  the 
polar  lands.  To  high  forms  of  cultural  achievement,  however,  this 
environment  seems  unfavorable.  There  is  no  record  of  any  advanced 
indigenous  civilization  in  the  Amazon  and  Congo  Basins  or  in  the 
equatorial  parts  of  the  Malay  Archipelago. 

Why  this  is  so  remains  a  matter  of  speculation.  Perhaps  the  uni- 
formity of  climate  is  not  conducive  <to  foresighted  action,  as  are 
climates  with  seasonal  contrasts.  More  important,  it  may  be  that 
the  overpowering  vegetative  growth  and  the  leached  soils  offer  tre- 
mendous resistance  to  human  effort.  Also  the  prevalence  of  diseases, 
which  are  carried  from  person  to  person  by  a  multitude  of  insects, 
the  monotonous  and  deficient  diets,  and  perhaps  the  direct  influence 
of  the  climate  on  human  physiology  should  be  considered.  But  one 
should  take  care  to  avoid  purely  environmental  explanations.  In 
many  instanees  European  exploitation,  alcohol,  disease,  and  the  slave 
trade  have  caused  the  population  to  diminish  and  the  native  economic 
and  social  structure  to  deteriorate.  Whatever  the  reasons,  the  fact- 
remains  that  the  equatorial  lands  are  sparsely  populated  and  are  thus 
potential  regions  for  immigration. 

The  majority  of  whites  who  at  present  live  in  the  Tropics,  either 
temporarily   or   permanently,    belong   to   the   social-economic   upper 

*  Italic  number  in  parenthese   refer  to  Literature  Cited,  p.  236. 
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strata,  relying  upon  other  races  for  physical  labor.  Immigration  of 
whites  in  large  numbers,  however,  implies  the  establishment  of  com- 
plete communities  in  which  they  would  perform  all  functions.  There 
are  very  few  such  colonies  in  the  equatorial  lowlands.  The  suitability 
of  these  territories  for  white  settlement  is  still  a  hotly  debated  question.3 

There  are  two  main  aspects  to  the  problem:  (1)  Can  the  whites 
maintain  physical  and  mental  health  in  the  Tropics?  and  (2)  can  they 
be  economically  successful  there?  The  answer  to  the  first  question 
was  long  held  to  be  in  the  negative,  as  far  as  the  tropical  lowlands  are 
concerned.  But  in  recent  decades  there  has  been  a  definite  swing  to 
a  more  optimistic  view,  and  for  good  reasons.  Causes  and  cures  have 
been  found  for  such  "tropical"  diseases  as  malaria,  dysentery,  yellow 
fever,  African  sleeping  sickness,  hookworm,  and  others.  Formerly 
physical  labor  in  the  Tropics  was  regarded  as  dangerous;  modern 
evidence  strongly  indicates  that  it  is  instead  an  effective  means  of 
keeping  fit,  bodily  as  well  as  mentally.  Moreover,  air  conditioning 
may  in  time  become  as  significant  in  fighting  heat  as  the  traditional 
means  of  fighting  cold  are  in  temperate  climates. 

It  cannot  be  denied,  however,  that  the  health  problem  requires 
constant  vigilance,  certain  expenditures  for  sanitation,  a  balanced 
diet,  and  other  precautionary  measures.  In  other  words,  there  must 
be  a  relatively  high  standard  of  living.  This  leads  directly  to  the 
economic  question.  As  a  matter  of  fact,  health  and  income  are  more 
closely  intertwined  in  the  Tropics  than  anywhere  else.  Although  a 
discussion  of  economic  problems  is  outside  the  scope  of  this  article, 
a  few  points  must  be  mentioned  because  of  their  fateful  relation  to 
the  climatic  struggle. 

The  leached  soils  of  the  tropical  rain  forest  on  the  whole  give  low 
yields.  This  may  be  counterbalanced  by  obtaining  two  harvests  a 
year,  but  that  is  not  everywhere  possible.  Furthermore,  there  is 
reason  to  believe  that  cultivation  requires  more  labor  per  acre  of  crop- 
land than  in  the  Temperate  Zone,  chiefly  because  of  the  need  for  fre- 
quent weeding  (8,  pp.  125-130).  If  these  observations  are  correct,  it 
means  that  the  productivity  of  labor  in  the  Tropics  is  low.  This 
might  be  one  explanation  of  why  the  white  man  usually  has  found 
small-scale  farming  unprofitable. 

Even  if  this  were  not  true,  most  tropical  countries  present  prob- 
lems associated  with  the  presence  of  an  indigenous  population.  Not 
only  is  the  native  because  of  his  carelessness  a  constant  source  of 
infection,  but,  more  important  economically,  he  works  for  a  far 
smaller  reward  than  can  the  white  man  because  he  has  much  more 
restricted  material  and  cultural  wants.  This  competition  naturally 
has  a  tendency  to  pull  down  the  white  farmer's  income.  Theoreti- 
cally, this  may  be  overcome  in  various  ways — for  instance,  by  pro- 
ducing high-value  crops  which  the  native  does  not  raise  or  by"  using 
machinery  for  large-scale  farming.  But  there  is  always  the  chance 
that  the  native  will  imitate  him  and  plant  the  same  crops;  and  as  far 
as  farming  with  machinery  is  concerned,  there  are  various  obstacles 
to  success,  especially  the  cultivation  requirements  of  most  tropical 
crops  and,  again,  the  presence  of  a  cheap  labor  supply. 

In  view  of  these  difficulties  most  experts  agree  that,  although  white 
settlement  in  equatorial  lowlands  is  physically  possible,  the  economic 

1  For  informative  and  up-to-date  discussions  of  this  problem  see  (3)  and  (5). 
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ents;  the  fundamental  condition  needed  for  their  development  is  the 
procurement  of  water.  Modern  techniques  have  greatly  increased 
the  means  of  conquering  the  desert,  but  they  require  a  very  large 
capital  investment,  profitable  only  if  high-value  crops  are  produced. 
The  extensive  irrigation  works  on  the  Indus.  Nile,  and  Niger  Rivers 
are  well  known.  Obviously  these  areas  are  outlets  for  native  rather 
than  white  farmers.  Given  favorable  economic  conditions,  there  is 
no  doubt  that  the  irrigated  desert  area  could  be  enlarged.  Outside 
the  United  States  there  are  some  possibilities  in  the  west-coast  deserts 
of  South  America  and — probably  of  wider  scope — in  Mesopotamia, 
the  lower  Volga  region,  and  Turkestan. 

The  rainfall  in  the  semiarid  fringes,  although  meager  on  the  average, 
may  in  some  years  be  considerable.  These  variations  make  the  steppe 
a  far  more  hazardous  land  with  which  to  deal  than  is  the  desert.  As 
far  as  climate  is  concerned,  successful  occupation  depends  upon  how 
well  the  farming  methods  are  adapted  to  these  special  conditions. 
These  problems  have  been  discussed  in  a  preceding  article  on  the 
Great  Plains.  It  may  be  noted  that  substantially  the  same  struggle 
characterizes  settlement  in  the  steppes  of  Argentina.  South  Africa, 
southern  Australia.  Manchuria.  Mongolia,  and  southern  Siberia. 
These  semiarid  regions,  formerly  the  habitat  of  the  roaming  hunter 
or  herdsman,  have  for  the  greater  part  been  settled  during  the  last 
century.  This  has  been  made  possible  through  modern  means  of 
transportation  and  cultivation.  In  some  of  these  areas  the  frontier 
is  still  moving  forward,  but  in  general  it  can  be  said  that  already  the 
best  steppe  lands  are  occupied.  The  main  task  now  is  to  consolidate 
the  conquest  in  terms  of  a  better  adjustment  to  the  peculiar  environ- 
ment. It  is  even  quite  likely  that  the  forward  surge  into  the  dry 
realms  has  gone  further  than  is  wise  under  present  conditions.  Wher- 
ever further  advance  is  possible  it  will  require  heavy  capital  invest- 
ment. Clearly  it  is  not  production  per  acre  that  counts  here,  but 
production  per  man.     Settlement,  therefore,  will  always  be  sparse. 

SETTLEMENT  IN  THE  POLAR  LANDS 

The  low-temperature  climate  appears  to  be  the  most  formidable 
of  the  three  extremes,  if  one  may  judge  by  the  very  scanty  population. 
Even  in  the  broad  belt  of  the  subpolar  forest,  or  taiga,  settlement  has 
scarcely  made  a  dent.  Yet  for  the  man  from  the  middle  latitudes 
acclimatization  is  fairly  easy  here;  it  seems  that  the  contrast  of  light 
and  dark  seasons  is  harder  to  bear  than  is  the  intense  cold  of  the  long 
winters.  The  chief  obstacle  is  the  short  season  for  growing  crops. 
There  are  two  other  environmental  factors,  however,  that  restrict 
opportunities.  One  is  the  generally  poor  soils  and  the  glacial  mor- 
phology of  the  landscape:  the  other  is  the  inaccessibility  of  most  of 
this  zone,  since  the  continents  of  the  Northern  Hemisphere  have  their 
greatest  widtli  in  these  high  latitudes  and  the  Arctic  Ocean  has  (or 
had  until  recently)  no  value  as  a  communication  route.  But  even 
in  northern  Scandinavia,  adjacent  to  the  open  sea.  the  age-long 
struggle  of  European  civilization  against  the  subpolar  forest  has 
resulted  in  only  a  sparse  population. 

The  areas  of  perpetual  frost  around  the  North  and  South  Poles  are 
obviously  out  of  the  question  for  permanent  settlement,  even  though 


the  esaab&shment  of  nietereologiical  stations,  airplane  bases,  and 
mMims:  camps  maT  be  expected  as  the  ire  caps  gam  in  significance  for 

---.     -..;:,•--;.:        .  .  -.    -v.:-.--:-      ::.  -..-.-  --:  :•-.::•;.  7v_.- 

mean^n^iatm^  of  the  wannest  month  k  below  50*  F.  and  only 
the  top  layer  of  the  soil  thaws  dating  the  want  season.  Ebr  the 
settlement  of  people  other  than  native  nomads  a  new  way  of  firing 
must  be  found. 

In  this  respect  the  lecent  policy  of  the  Union  of  Soviet  Socialist 
Republics  is  of  great  interest  (#)-  The  main  goal  is  to  create  a  safe 
naT^atian  rente  through  the  arctic  waters,  practically  a  private 
s;~:  :  ;•;•;  "v.'.:<  „.-/.•.:•_:  :":.-.  ■-■:-y-,-:r:.  .,:./-  i-^i~  izr. --;;- 
ties  of  the  country.  In  the  last  few  years  a  score  of  ships  have  each 
season  (Jury  until  October)  made  the  through  passage.  Ttedevelop- 
ment  of  this  route  requires  that  various  navigation  facilities  and 
ports  of  call  be  created  along  the  arctic  coast;  tikis  in  turn  will  make 
-.  ^  :'.-;  :':.-  -t-".:-.:a:::^  ::  ::>:  -.-tr-il  :->:::•; -^  is  ~i'l  *s  ::.-.  rxo.r: 
of  timber  from  the  southward  forest  none.  Because  these  extreme 
northern  settlements  are  so  remote,  it  is  of  crucial  s^nificanee  for  the 
tenabifitv  of  the  whole  position  that  the  food  problem  be  solved. 
The  Central  Administration  of  the  Northern  Sea  Route,  which  has 
jurisdiction  over  the  whole  Russian  Arctic  ijm  Siberia  as  far  south  as 
<S3d  parallel)  is  therefore  charged  with  the  development  of  its 
drove.  The  extreme  north,  as  an  official  statement  declares, 
-  ;;:  -  ::•  r..:  r.r.L  *.:-..;  ::\-\  r.£  v-  v  .".5,v.  ::\  —.zi  -i-zi:*':'.^ 
samire  forage  bases  for  livestock,  and  estabfish  hothouse 
t  antbcurvy  greens. 

for  the  coastal  firmst;  it  is  claimed,  howeTer.tliat  fcirtlHT^th,  though 
still  weO  north  of  die  Arctic  C^rde^  various  T 


the  open.     In  view  otf  nhe  pwdBar  character  of  the  Soviet. 

the  baffling  contradoraons  in  the  statistics,  it  as  hard  to  say  what  1 

actual  state  of  affairs  is.    Yet  as  an  experiment  in  subdmng  the  Arctic 

Whatever  the  future  possibifities  of  the  tundra  may  be.  it  is  un- 
fikefy  that  it wiD  ever  support  a  large  number  of  people  at  a  relativelv 
high  level  of  living.    In  this  respect  the  taiga  offers  a  somewhat  better 

:    "    ••-       : '-■.:..  i:  :  :-:r     j_    :.~  :':.-.:-    --  ;■;:  •.■t-s:  :.;.::.:  z  :•:>:.'.:  ::::: 
::'    v-LW-::o-    ;:-;T*       _':.-•   1— :;:-  :'i.;:.;^   ;.:•-.    :r;.:::;f;.T  :hi   '.:-- 
:--:.:.:^v;::    :■•:  lit  lz.:.  *rl  -  z'l-.   s-rlzj:  l~:.  :l2'  '::::  \hi' 
of  the  summer  is  partly  counterbalanced  by  the  L 
of  dayfight.     Potatoes,  flax,  and  various  vegetables  do  well;  even 
earry-maturing  grains  and  forage  crops  can  be  raised.    The 
7-;''  '•-  '-  -*i--r_f  :-i.r  >:  zii^rr.iZ-j  >i—c-fc  :j  5*:-:-*lr*i  Tf—i 
■«"':-•-::    :vc.f^.?   .:    -:^r.:^   :'i-    r:  7T.v_r_  i :  ■.  ::-.   7  :•;•:>*?   i:~::iLJT.   £~.f7 
*■:    ■-  ■-:  r..iz.:s  l-  r-r:  :::  i  :--  -_-  ;•..:.:  >:    -  - 
feasible  it  wflU  be 
hrthet  poleward 

agncultural  possihiEties  in  themselves  as  bv  the  demand  for  food- 
stats  m  areas  of  forest  and  mineral  expmhation.    Often  he  can 


f  Future  Srlik'wmt     • 

or  the  lumber  mill.  Agricultural  expansion,  therefore,,  depends  upon 
pansion  of  the  latter  industries  and  especially  upon  their  degree 
Silky.     When  the  policy  is  one  of  "cut  out  and  get  ot: 

tinned  farm  communities  in  its  wake  and  demoralizes  the 
pioneer  fringe.     Only  by  carefully  planning  and  coordinating  the 
y.v;-.  ■-.:?   •;;:v;::^  ;,-,:-.  a  :_r:~;  _^  i.---'_-zir::.:  ':■•-     -:^^-i_-:i 
In  the  Eurasian  taiga  the  boundary  of  agriculture  lies,  on  an  aver- 
irther  north  than  in  its  American  counterparty  owing  to  earlier 
nent  and  greater  population  pressure.     In  the  somewhat  pro- 
river  valleys  of  central  and  eastern  Siberia — as  for  instance  in 
the  Lena  River  Basin — farming  is  carried  on  as  far  as  65®  X.     In 
ida  the  58th  parallel  is  about  the  limit.     The  Xorth- 
5  of  Canada  beyond  the  60th  parallel  comprise  about 
1.300.000  square  miles  but  contain  not  more  than  1,000  whites  plus 
some  10,000  natives.     Southern  Alaska,  while  having  no  worse  climate 
than  Finland,  has  ly  a  very  small  fanning  population.     Far- 

-•;::_;  ;-xp  ".:■:■  .■:: : :.-    ::::-:>  '--  isz'.iS--    LiTr  -VT:_  _"X-_   :•-  x:  :'■_-  lis: 
decades,  but  no  great  undertaking  like  the  opening  of  the  Northeast 
ze  on  the  other  side  of  the  Arctic  has  as  yet  provided  the  in- 
tional  stimulus  for  a  determined  assault  on  the  Far  North.4 

IX  CONCLUSION 

ar  from  the  foregoing  review  that  there  are  large  areas  still 
potentially  available  for  human  settlement.  But  it  must  be  kept  in 
mind  that  migration  is  essentially  not  a  flow  from  densely  populated 
areas  to  sparsely  populated  ones,  but  from  areas  of  lesser  to  those  of 
opportunities.  For  some  400  years  the  European  peoples 
have  swarmed  out  into  nearly  empty  lands,  which  were  at  the  same 
time — broadly  speaking — good  lands.  The  situation  is  different  now; 
land  that  has  not  yet  been  taken  is  mainly  of  a  marginal  nature, 
n  because  of  its  climate. 

trolling  a  new  environment  requires  learning  the  laws  of  its 
behavior  and  devising  ways  to  use  them  to  the  greatest  advantage. 
>ubt  science  and  technology  will  find  further  means  of  over- 
coming the  present  obstacles;  even  so.  the  borderlands  with  unfavc 
able  climates  can  be  won  only  with  considerable  effort  and  at 
poses  a  heavy  burden  on  the  modern  pioneer,  dhni 
g      s  chances  of  gaining  a  better  living  than  he  had  in  his  home 

This  is  not  to  say  that  the  frontiers  have  become  stagnant 

is  an  intensive  search  for  lands  suitable  for  European 
This  need  may  well  give  new  impetus  to  colonization  of 
hitherto  neglected  territo:  ~ertheless.  it  seems  beyond  doubt 

that  the  adVance  will  take  place  more  slowly  than  before.  But  just 
because  expansion  will  be  slower,  it  may  be  more  substantial  and  may 
lead  to  a  more  secure  grip  on  the  climatic  problem  areas. 
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Comfort  and  Disease  in 
Relation  to  Climate 


By  Joseph  Hirsh 


THE  PEOPLE  in  every  region  are  interested  in  how  to  be 
comfortable  and  healthy  under  a  given  set  of  climatic  conditions; 
perhaps  this  is  the  main  reason  why  the  weather  is  a  universal 
topic  of  conversation.  Here  is  a  broad  general  discussion  of 
the  way  the  body  adjusts  itself  to  changes  in  temperature;  why 
we  are  uncomfortable  under  certain  extreme  conditions  of 
temperature  and  humidity,  and  what  we  can  do  to  be  more 
comfortable;  and  what  diseases  are  influenced  in  one  way  or 
another  by  climate. 


pb  Hirsh  is  Specialist  in  Health  Education,  Vocational  Training  for  Defense  Workers,  United 
•fficeof  Education;  when  this  article  was  prepared  lie  was  Assistant  Health  Education  Specialist, 
Public  H.-alth  Service. 

(237) 
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CLIMATE  AND  COMFORT 

There  is  probably  no  one  on  earth  who  has  not  been  affected  in  one 
way  or  another,  mentally,  emotionally,  and  physically,  by  climate 
and  by  changes  in  the  weather.  Some  of  the  more  obvious  effects  are 
expressed  from  day  to  day  in  our  attitude  toward  other  people,  in 
restlessness  or  complacency,  in  the  amount  of  work  we  accomplish  or 
feel  too  sluggish  to  accomplish. 

In  a  report  on  human  reactions  to  changes  in  weather  (9),2  Winslow, 
of  the  Yale  School  of  Public  Health,  found  that  a  group  under  study 
thought  the  weather  in  fall  and  winter  more  refreshing  and  pleasant 
than  at  any  other  time  of  the  year.  A  rising  barometer,  sunshine, 
and  moderately  low  humidity  were  generally  regarded  as  important 
in  these  subjective  evaluations.  A  long  period  of  the  same  kind  of 
weather — of  bright  days  or  cloudy  days,  humid  days  or  rainy  days — 
frequently  becomes  depressing  or  irritating.  Mills  (6),  Ward  (£), 
and  others  have  pointed  out  that  this  is  especially  common  in  the 
Tropics  and  in  the  sub  tropics  of  the  United  States.  The  characteristic 
high  temperature  and  high  humidity  of  the  Tropics  and  subtropics, 
with  only  slight  variation  from  day  to  day,  have  some  well-established 
psychological  and  phvsiological  effects.  (These  are  discussed  in  the 
article  by  Robert  G.  Stone,  p.  246.) 

In  the  temperate  sections  of  the  United  States,  where  people  are 
subjected  to  wide  day-to-day  and  seasonal  changes  in  the  weather, 
they  become  adjusted  psychologically  and  physiologically  with 
greater  ease.  Unless  cold  is  too  severe  or  prolonged,  it  serves  as  a 
stimulant  to  body  and  mind,  just  as  a  cool  shower  in  hot  weather 
refreshes.  There  is  not  the  unbroken  monotony  of  just  one  kind  of 
weather  or  just  one  season. 

Temperature  Regulation  in  the  Body 

In  the  United  States,  people  experience  a  wide  range  in  weather 
conditions.  In  winter  in  the  Dakotas,  the  temperature  may  drop 
to  as  low  as  40°  below  zero  F.  and  even  lower.  In  summer  in  the  hot, 
low-lying  desert  regions  of  Utah  and  Arizona,  it  may  be  as  high  as 
130°.  How  does  man  adjust  himself  to  such  extremes?  The  human 
body  maintains  a  fairly  constant  internal  temperature  averaging 
98.6°.  This  is  accomplished  by  the  balance  the  body  maintains 
between  heat  production  and  heat  loss. 

The  main  source  of  body  heat  is  the  food  we  eat,  approximately  80 
percent  of  which  is  used  for  growth,  tissue  repair,  and  heat  production. 
The  other  20  percent  furnishes  the  energy  necessary  for  daily  activi- 
ties. Every  time  we  walk  or  turn  or  run,  muscles  as  well  as  internal 
organs  are  involved  in  producing  heat.  Seventy  percent  of  the  heat 
produced  by  muscular  exercise  is  waste  and  must  be  lost  to  the 
environment.  To  retain  this  heat  would  have  the  same  effect  ex- 
perienced in  a  hot  stuffy  room.  Vitality  would  be  lowered,  and  we 
would  be  overcome  with  a  general  weakness  of  the  kind  experienced 
in  fever. 

The  body  automatically  maintains  a  nearly  constant  temperature 
by  the  regulation  of  internal  heat  production— that  is,  the  metabolic 
» Italic  numbers  in  parents  ses  refer  to  Literatim  Cited;  p.  245. 
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rate — and  the  control  of  heat  retention  and  heat  loss  through  respira- 
tion, blood  circulation,  and  secretion  by  sweat  glands.  The  skin  and 
the  fatty  tissue  immediately  underlying  it  form  a  natural  garment 
for  the  rest  of  the  body.  During  cold  days  this  garment  serves  as  a 
protection  against  the  weather.  On  such  days,  the  blood  vessels 
near  the  surface  contract  and  lie  deeper  in  the  skin,  conserving  the 
body's  heat,  and  the  skin  is  left  pale  and  pinched.  When  we  are 
physically  active  or  the  day  is  warm,  the  surface  blood  vessels  dilate, 
the  skin  takes  on  a  rosy  hue,  and  we  may  become  flushed.  The  blood 
carries  heat  to  the  surface,  where  it  can  be  lost  to  the  air  outside. 
Heat  is  also  lost  in  the  evaporation  of  sweat  and  in  exhaling. 

Children  adapt  themselves  more  readily  than  adults  to  changes  in 
weather  and  to  wide  ranges  in  climate.  The  exceptions  to  this  rule 
are  premature  and  very  small  infants.  They  require  incubators  and 
air-conditioned  rooms  which  have  fixed  temperature  and  humidity 
levels  necessary  to  maintain  constant  body  temperature  (3).  Most 
people  after  middle  age,  especially  those  with  poor  circulation,  adapt 
themselves  poorly  to  changes  in  weather  and  require  warm  and  not 
overstimulating  climatic  conditions. 

The  body  possesses  thermostatic  equipment  which  makes  it  possible 
for  man  to  adapt  himself  to  varying  conditions  of  weather  and  climate. 
Important  as  this  physical  equipment  is,  adaptation  depends  also  upon 
some  intangible  neuropsychological  factor.  Most  of  us  readily  adapt 
ourselves  to  summer  and  winter  conditions  of  comfort,  so  that  many 
individuals  who  feel  uncomfortably  cool  in  a  summer  temperature  of 
68°  F.,  in  winter  consider  such  a  temperature  uncomfortably  warm. 

Other  Factors  Responsible  for  Comfort 

Our  sensations  of  comfort,  however,  depend  not  only  upon  temper- 
ature but  upon  a  number  of  other  factors  as  well.  Air  motion, 
humidity,  smoke  and  dust,  and  overcrowding  are  some  of  these. 

Temperature  alone  indicates  only  the  degree  of  warmth  or  coldness; 
by  itself  it  is  not  a  complete  index  of  comfort.  On  a  day  with  little 
moisture  in  the  air,  for  example,  a  temperature  of  78°  may  be  com- 
fortable, but  the  same  degree  of  comfort  can  be  experienced  on  a 
damp  day  with  the  temperature  as  low  as  73°  F. 

In  moving  air,  loss  of  body  heat  is  accelerated  so  that  comfort  can 
be  attained  at  relatively  high  temperatures.  According  to  Hill, 
"Under  ordinary  .  .  .  conditions  most  of  the  body  heat  is  lost  by 
radiation  and  convection,  the  loss  by  evaporation  in  comparison  being 
insignificant"  (4).  When  people  are  crowded  together  indoors  in  an 
atmosphere  devoid  of  air  motion,  or  on  hot,  muggy,  windless  days  out 
of  doors,  loss  of  heat  by  these  three  mechanisms  is  limited.  The  air 
surrounding  the  body  becomes  warmed  by  the  body  temperature  and 
saturated  with  moisture.  The  body  becomes  hot,  flushed,  and  uncom- 
fortable. If  body  heat  cannot  be  dissipated,  heat  exhaustion,  a 
condition  characterized  by  dizziness,  a  sense  of  oppression,  lassitude, 
weakness,  and  occasionally  by  fainting  spells,  msij  follow.  Moist  air 
permits  little  evaporation  of  moisture  from  the  body  and,  when 
coupled  with  high  temperature,  aggravates  these  symptoms. 

Heat  exhaustion  and  heatstroke  can  be  forestalled  in  crowded 
rooms  by  proper  ventilation  and  especially  by  dehumidifying  or  cir- 
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dilating  the  air.  Circulating  the  air  brings  a fresh"  and  comparatively 
dry  air  in  contact  with  the  body  surface,  and  a  sense  of  comfort  is 
I  Hit  of  doors,  cool,  shaded,  breezy  places  should  be  sought, 
though  if  the  temperature  is  lowered  too  much,  continued  evapora- 
tion of  residual  sweat  will  give  the  skin  a  sensation  of  chilliness. 
Removal  of  clothes  is  another  obvious  way  of  getting  relief.  In  the 
Tropics,  natives  customarily  wrap  themselves  in  wet  sheets  and 
cloths  as  a  protection  against  heatstroke,  a  practice  that  is  followed 
generally  in  the  treatment  of  this  condition. 

Important  as  high  humidity  is  as  an  inhibiting  factor  in  heat  loss 
and  in  its  relation  to  our  sense  of  comfort,  it  plays  an  even  greater 
role  in  its  relation  to  health.  While  no  upper  limit  to  the  amount  of 
moisture  in  the  air  is  generally  accepted  as  the  standard  for  good 
health,  it  is  commonly  agreed  that  warm,  very  dry  air  is  less  pleasant 
and,  more  important,  less  healthful  than  air  of  a  moderate  humidity, 
since  dry  air  irritates  and  dries  the  mucous  membranes  of  the  nose 
and  throat  and  increases  susceptibility  to  colds  and  other  respiratory 
disorders.  Cool  air  with  a  relative  humidity  of  30  percent  or  more 
enhances  both  the  flow  of  blood  through  the  membranes  lining  the 
breathing  pass   _   -  irculation   of  fluids,   which   acts   as  a 

cleansing  mechanism. 

In  normal  health,  people  are  sensitive  to  such  weather  factor-  - 
changes  of  temperature  and  humidity  and  possibly  to  changes  in 
barometric  pressure  due  to  the  passage  of  storms.  Heat  generally 
relaxes  the  tissues  of  the  body  and  brings  blood  and  lymph  into  them 
so  that  pain  is  relieved.  Cold,  on  the  contrary,  contracts  the  skin 
tiss  es,  and  causes  a  tingling  of  the  skin.  Moist  air  lessens  the  insulat- 
ing power  of  the  skin  and  the  clothes,  and  in  a  draft  or  a  wind  the  evap- 
oration of  moisture  on  the  skin  often  leads  to  chills.  On  a  cold  damp 
day  we  may  experience  these  effects  acutely.  We  literally  shake 
with  cold,  and  our  lips  may  turn  blue.  Shivering,  an  involuntary 
reflex  to  cold,  increases  body  heat  by  muscular  contractions. 

I>door  Climate 

The  major  problem  in  controlling  indoor  atmospheres  is  to  maintain 
the  balance  between  heat  production  and  heat  loss  in  the  body. 

In  cold  weather  the  body  automatically  offs*  rive  heat  loss 

by  more  rapid  heat  production  and  constriction  of  the  blood  vessels 
in  the  skin:  in  warm  weather  it  banks  its  internal  fires  and  dilates 
skin  blood  ve-  If  we  were  to  remain  in  a  constant  relatively 

comfortable  temperature  all  the  time,  the  problem  of  maintaining  the 
balance  would  be  relatively  simple.  But  in  the  Temperate  Zone 
people  spend  a  considerable  part  of  their  time  outdoors  where  they 
havo  no  control  over  atmospheric  conditions.  In  conditioning  homes 
in  these  latitudes,  therefore,  indoor  temperatures  should  approximate 
outdoor  conditions  as  much  as  possible  without  detracting  from  our 
of  comfort.  In  passing  from  one  to  the  other  we  can  thus  adjust 
wth  _  ae.     Houses  should  not  be  kept  too  hot  in  winter  or 

too  cool  in  summer. 

In  very  hot  climates,  homes  should  be  built  to  afford  free  ventila- 
tion, with  large  shaded  windows  and  wide  verandas  so  as  to  catch 
the  wind,  and  with  thick  walls  and  double  roofs  with  an  air  space 
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between  so  as  to  dissipate  heat.  In  temperate  climates,  frame  houses 
should  have  double  walls,  if  possible  containing  moisture-resistant 
materials.  Dryness  can  be  secured  by  liming  and  papering  walls. 
Floors  should  be  elevated  above  the  ground. 

Radiant  heat,  a  warm  floor,  and  an  agreeable  movement  of  air  are 
essential  in  warming  and  ventilating  rooms.  Open  fires,  steam  and 
hot-water  pipes,  and  stoves  give  radiant  heat.  Unless  there  is  ade- 
quate ventilation,  however,  heat,  moisture,  and  dust  may  become 
oppressive  and  irritating  to  the  nose  and  throat.  When  cold  air 
enters  through  windows  and  doors  or  inside  air  is  chilled  through 
contact  with  cold  glass  panes,  it  will  flow  down  next  to  the  floor  unless 
there  are  vigorous  currents  of  air  in  the  room  to  mix  the  cold  with  the 
warm  air.  In  the  winter  most  rooms  have  temperature  differences 
of  5°  to  30°  F.  between  the  floor  and  the  ceiling  (1).  When  feet  and 
ankles  are  chilled  by  a  draft  blowing  over  the  cold  floor  and  the  head 
is  immersed  in  warm  stagnant  air,  we  feel  chilled  and  stuffy;  the  nose 
becomes  congested,  the  mucous  membranes  swollen  and  full  of  fluid; 
we  may  experience  discomfort  and  become  susceptible  to  colds. 
Radiators,  hot-water  pipes,  and  stoves,  therefore,  should  be  placed 
near  or  under  windows  so  as  to  warm  and  mix  the  incoming  air. 
Satisfactory  outlets  are  necessary  for  air  circulation,  but  they  must 
be  so  constructed  as  to  prevent  drafts. 

Though  much  has  been  written  about  tempera ture  levels  that  are 
comfortable  and  conducive  to  good  health,  there  is  a  dearth  of  accurate 
information  on  proper  atmospheric  conditions  as  they  relate  to  different 
age  groups,  sex.  states  of  health,  working  conditions,  seasons  of  the 
year,  and  climatic  conditions.  These  and  many  other  problems  must 
be  solved  before  air  conditioning  becomes  universal. 

Adjustment  to  Climate 

The  ideal  climate  for  the  mental  and  physical  health  and  comfort  of 
most  people  is  one  that  is  marked  by  frequent  but  moderate  changes 
in  weather,  variations  in  temperature  from  day  to  night,  and  gradual 
seasonal  changes.  Such  a  "middle"  climate  has  been  found  bodily 
invigorating  and  stimulating. 

A  climate  that  is  neither  invariably  hot  nor  continuously  cold,  that 
is  neither  monotonously  rainy  or  foggy  nor  arid  and  cloudless — in  other 
words,  the  climate  common  to  the  central  region  of  North  America — 
is  most  conducive  to  exercising  the  body's  power  of  adaptation  and 
reaction  and  keeping  people  fit  and  comfortable. 

Relative  humidity  of  between  30  and  70  percent 3  is  considered  most 
satisfactory  from  the  point  of  view  of  good  health  and  comfort. 

Low  body -heat  production  means  less  energy  and  less  protection 
against  disease.  This  relates  directly  to  the  problems  that  many 
people  from  the  South  experience  when  they  travel  north.  They 
cannot  stand  abrupt  changes  in  weather  and  require  protection  against 
the  cold  and  other  inclement  conditions.  When  the  southerner 
journeys  north,  while  his  imagination  too  may  come  into  play,  it  is 
something  much  more  basic  that  makes  him  chill  in  the  northern  cold 
spells.     He  really  does  not  produce  as  much  heat  or  increase  it  in 

*  At  100  percent  the  air  is  completely  saturated  with  water  vapor,  and  precipitation,  or  rain,  takes  place. 
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response  to  cold  as  quickly  as  do  northerners  who  are  already  adjusted 
to  the  climate. 

The  problem  of  adaptation  applies  equally  to  the  northerner  when 
he  £roes  south.  In  northern  cold,  people  develop  a  higher  rate  of 
combustion.  Their  energy  levels  and  capacity  for  activity  are  pro- 
portionate on  the  average  (in  a  general  way  only)  to  the  heat  they 
produce.  When  they  go  south,  therefore,  they  experience  great 
difficulty  in  finding  comfort  at  what  southerners  would  call  a  pleasant 
temperature,  because  their  heat  production  and  energy  levels  continue 
high  for  many  weeks  and  often  for  months  after  arrival.  Adaptation 
to  the  southern  climate  comes  after  a  period  of  time;  it  is  immediately 
after  their  change  from  one  climate  to  another  that  northerners  are 
particularly  sensitive  to  heat  and  susceptible  to  heat  exhaustion  and 
heatstroke  (or  sunstroke). 

The  adjustment  that  takes  place  in  people  who  move  from  one  cli- 
mate to  another  is  based  in  principle  on  the  adjustment  made  when  a 
man  travels  from  sea  level  to  mountain  regions.  Before  he  becomes 
acclimatized  to  the  rarefied  atmosphere  his  blood  and  internal  organs 
must  adjust  to  the  changes  in  pressure  and  other  conditions. 

The  northerner  traveling  in  the  Tropics  or  subtropics  should 
live  a  temperate  life,  avoid  an  excessive  amount  of  fat  in  his  diet,  and 
wear  light,  loose,  white  clothing.  The  return  to  northern  latitudes 
should  be  made  if  possible  in  the  late  spring  or  summer,  when  adjust- 
ment to  the  climate  will  be  greatly  facilitated.  People  moving  from 
the  South  to  the  North  must  guard  especially  against  cold  until  they 
are  fully  adjusted  to  the  weather,  which  may  take  anywhere  from  a 
week  to  as  much  as  several  years.  They  should  be  protected  against 
inclement  conditions  by  adequate  clothing,  and  their  diets  should  be 
fortified  with  fat  and  energy -producing  foods. 

Though  climate  and  weather  play  an  important  role  in  the  way  we 
feel  and  act,  such  factors  as  food,  clothing,  housing,  customs,  and  emo- 
tional, physical,  economic,  and  social  well-being  are  often  more  impor- 
tant in  conditioning  human  beings  and  influencing  their  behavior. 

CLIMATE  AND  DISEASE 

Diseases  caused  directly  by  cliruate  are  few  in  number.  Among 
tie-  more  familiar  ones  are  heat  exhaustion,  heatstroke,  snow  blind- 
frostbite,  and  mountain  sickness.  But  climate  may  strengthen 
or  weaken  the  individual's  resistance  to  many  diseases  by  influencing 
the  metabolic  rate,  the  level  of  activity,  and  the  mental  and  physical 
states.  Thus,  an  individual  with  tuberculosis  may  be  benefited  by 
the  invigorating  air  of  mountain  regions  provided  he  also  has  adequate 
proper  treatment,  and  freedom  from  worry.  Rest,  medical  care, 
and  good  social  adjustment  are  often  more  important  than  a  change 
of  air  or  the  most  favorable  climatic  conditions  in  the  world.  On 
other  hand,  exposure  to  chilling  rain,  for  example,  may  so  lower 
an  individual's  resistance  that  he  may  easily  fall  victim  to  pneumonia 
or  other  respiratory  infections. 

Climate  has  an  indirect  influence  also  in  favoring  or  inhibiting  the 
growth  and  virulence  of  some  of  the  microscopic  organisms  that  cause 
disease.     Thi^  ially  true  of  malaria  and  hookworm;  the  causal 

organisms  require  special  conditions  of  temperature  and  moisture  in 
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order  to  live.  In  malaria,  moreover,  not  only  the  Plasmodium  that 
causes  the  disease  but  also  the  mosquito  that  carries  it  require  certain 
climatic  conditions  to  thrive.  Malaria  mosquitoes  breed  in  swamps 
produced  by  high  rainfall  and  lack  of  drainage  in  southern  regions. 

Thus  while  climate  may  influence  the  onset,  prevalence,  and 
severity  of  disease,  it  is  only  one  of  many  factors.  Such  factors  as 
nutrition,  degree  of  crowding,  income,  and  medical  care  are  more 
important  in  many  regions  than  climate.  It  is  common  knowledge, 
for  example,  that  those  with  high  incomes,  and  consequently  with 
better  conditions  of  living  and  access  to  more  medical  care,  have 
fewer  illnesses  and  lower  death  rates  from  all  causes  than  poorer 
people,4  regardless  of  climate  and  weather. 

Some  Relationships  Between  Diseases 
and  Climatic  Factors 

The  effects  of  some  climatic  factors  on  disease  will  be  briefly 
touched  on  here. 

Many  (if  not  most)  diseases,  such  as  the  common  cold,  pneumonia, 
infantile  paralysis,  and  others,  exhibit  a  seasonal  pattern.  During 
some  months  of  the  year  the  number  of  cases  is  relatively  small, 
while  in  other  months  the  number  is  large.  The  greatest  number  of 
cases  of  the  common  cold,  for  example,  occur  during  the  winter  months 
of  January,  February,  and  March,  and  the  least  during  July  and 
August.  Conversely,  cases  of  infantile  paralysis  reach  a  maximum 
during  late  summer  and  are  generally  absent  during  the  winter. 

Altitude  is  not  precisely  a  variable  of  climate.  However,  a  number 
of  climatic  factors  are  associated  with  it — increased  sunlight  and 
wind  and  lower  temperature,  humidity,  and  air  pressure.  Certain 
well-recognized  physiological  effects  are  related  to  altitude,  both  in 
mountainous  regions  and  in  airplane  flights.  For  example,  high 
altitude  increases  the  number  of  red  blood  cells,  accelerates  respira- 
tion, and  increases  the  metabolic  rate.  In  connection  with  other 
factors  previously  noted,  moderately  high  altitudes  are  conducive  to 
good  health  generally,  and  in  suspected  and  active  cases  of  tubercu- 
losis specifically,  unless  otherwise  indicated  in  individual  cases.  On 
the  other  hand,  a  rapid  change  to  a  high  altitude  is  exceedingly  bad 
for  people  with  some  diseases  of  the  heart  and  blood  vessels. 

Data  for  New  York  City  (5)  show  that  the  death  rate  from  all 
diseases  is  high  (in  all  seasons)  when  there  is  a  few  days'  rise  or  fall 
from  the  mean  (weekly)  temperature.  While  general  mortality  rates 
seem  to  be  related  to  such  departures  in  temperature,  sickness  and 
death  rates  due  to  specific  diseases  are  often  statistically  unrelated 
to  them  or  related  only  in  an  obscure  secondary  way. 

Although  pneumonia  is  more  common  in  cities  than  in  rural  dis- 
tricts, it  is  found  in  both.  It  occurs  more  frequently  in  the  Temperate 
Zone  than  in  the  Tropics.  This  is  well  expressed  by  Cecil  (2):  "A 
cold,  damp  changeable  climate  predisposes  to  the  disease.  When  it 
occurs  in  a  warm  climate  ...  it  is  doubtless  referable  to  changes  of 
temperature.  Pneumonia  is  a  disease  of  the  late  winter  and  early 
spring.     In  New  York  City,  January,  February,  and  March  are  the 

:  *  United  States  Public  Health  Service,  National  Institute  of  Health,  illness  and  medical 
care  in  relation  to  economic  status.  U.  S.  Pub.  Health  Serv.,  Natl.  Health  Survey  1935-36,  Sickness 
and  Med.  Care  Ser.,  Bui.  2,  8  pp.     1938.     [Mimpographed.l 
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agent   in   "heart   trouble"   and   arteriosclerosis    ((hardening  of  the 

arteries).    It  is,  however,,  definitely  related  to  die  progress  of  these 

more  common  in  stormy  regions  because  they 
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Later,  fresh  air  was  re«ognixed  as  a  positive  factor  in 
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health  when  it  was  found  that  air  and  sunlight  were  important  in  the 
prevention  and  treatment  of  tuberculosis.     Like  many  new  ideas  and 
innovations   in   medicine,    fresh-air   fads   mushroomed   all   over   the 
country.    People  became  "air  conscious.       Salt  air,  pine  air,  am: 
altitudes  all  became  popular.    Distressed  and  even  acutely  ill  p     ~ 
would    demangl.    and    doctors   would    prescribe,    what    is    commonly 
spoken  of  as  "a  change  of  climate."     But  people,   especially   I 
living  in  large  cities,  began  to  learn  that  a  change  of  climate,  like  <: 
food,  is  often  expensive.     F.  C.  Smith,  of  the  United  States  Public 
Health  Service,  who  originally  made  this  comparison,  goes  on  I osa; 
that  "excellence  of  climate  is  no  more  essential  to  a  cure  than 
lence  of  some  other  things,  and  there  is  no  climate  so  good  that  it 
will  always  make  up  for  the  increased  work,  worry,  or  poorer  housing, 
or  scantier  fare"  (7). 
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Health  in  Tropical  Climates 


By  Robert  G.  Stone 


ALTHOL  GH  this  article  deals  primarily  with  the  problem  of 
keeping  healthy  in  the  Tropics,  it  contains  much  interesting 
material  for  those  who  have  to  face  hot  weather  anywhere. 
The  author  has  assembled  the  available  information  on  what 
happens  to  the  human  body  exposed  to  prolonged  high  tempera- 
tures, and  he  discusses  it  with  vigorous  contributions  from  his 
<>\wi  viewpoint  and  experience. 


1  Robert  O.  Stone  is  Librarian  and  Research  Fellow,  Blue  Hill  Meteorological  Observatory  of  Harvard 

:;tor  of  the  Bulletin  of  the  American  Meteorological  Societv;  Editor  of  the  Section  of  Bio- 

climatology  and  Biometeorology  of  Biological  Abstracts;  and  Research  Associate  in  Meteorology,  New  York 
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Practically  all  draw-backs  and  difficulties  of  civilization  in  tropical 
countries  have  been  more  or  less  blamed  on  the  climate.  Insofar  as  a 
tropical  climate  favors  many  diseases  of  men  and  plants  that  are 
difficult  to  control,  tends  to  induce  lassitude  or  debility  in  man,  and 
plays  an  important  role  in  the  distribution  and  character  of  soils, 
crops,  vegetation,  and  wildlife,  this  notion  is  true.  But  it  is  equally 
true  that  man,  with  his  instinct  and  intelligence,  his  science  and  social 
organization,  has  great  ability  to  avoid,  take  advantage  of,  or  partly 
overcome  these  influences  of  nature,  not  without  certain  costs  and 
sacrifices,  but  in  the  long  run  and  as  a  rule  effectively  and  profitably. 

Hence  to  deny,  as  we  do  nowadays,  that  the  climate  is  a  rigidly 
determining  force  upon  man  is  not  to  say  that  it  does  not  have  a 
profound  indirect  influence  pervading  nearly  all  aspects  of  life  in 
some  form  and  measure.  Indeed,  some  relationship  with  the  climate 
can  usually  be  found  for  almost  anything.  Important  direct  effects 
of  climate  uncomplicated  by  other  factors  hardly  exist,  but  there  are 
many  circumstances  in  which  weather  or  climate  is  one  of  the  most 
important  factors  to  be  considered.  For  example,  sunstroke  and  frost- 
bite are  certainly  directly  caused  by  the  weather,  though,  at  the  same 
temperature,  clothing,  age,  health,  and  length  of  exposure  will  deter- 
mine whether  or  not  the  injury  is  suffered.  Pneumonia  is  caused  by  a 
germ,  but  the  season  of  the  year  and  sudden  changes  of  weather 
indirectly  influence  the  likelihood  and  time  of  getting  the  disease. 
The  climate  does  not  force  one  to  eat  certain  foods,  but  it  may  have 
much  to  do  with  the  choice  of  foods  available  and  with  the  amounts 
of  vitamins  they  contain.  That  is  an  example  of  a  relatively  indirect 
influence. 

In  spite  of  much  contradictory  opinion  there  is  some  fairly  definite 
evidence  of  a  scientific  and  historical  character  on  the  subject  of  the 
effect  of  tropical  climates  on  human  beings.  This  article  deals  prin- 
cipally with  the  relatively  direct  effects  and  only  incidentally  with 
those  that  are  relatively  indirect. 

HOW  "HOT"  IS  THE  CLIMATE? 

Scarcely  a  prospective  tourist  to  the  low  latitudes  or  a  person  who 
intends  to  reside  in  the  Tropics  fails  to  wonder  or  worry  about  what  the 
climate  will  be  like  and  whether  he  can  "take  it."  He  has  probably 
heard  that  San  Juan  in  February  is  perfectly  delightful,  that  Panama  is 
rather  too  warm  most  of  the  year,  that  Calcutta  is  awful  at  any  time, 
and  that  some  desert  hole  is  "simply  hell." 

Generally  a  comparison  of  the  ordinary  monthly  average  dry-bulb 
temperatures  gives  a  good  indication  of  the  broader  contrasts.  Mean 
annual  temperatures  are  more  apt  to  be  misleading  and  should  not  be 
given  serious  weight  from  a  practical  standpoint.  There  are  many 
places  for  which  not  only  the  mean  monthly  but  even  the  daily  dry- 
bulb  temperatures  are  misleading  as  to  the  sensible  "comfort"  or 
"heat"  experienced  there.  For  everyone  knows  that  an  increase  of 
wind  or  a  decrease  of  humidity  makes  a  high  temperature  more  toler- 
able if  not  comfortable.  In  view  of  this,  it  is  customary  to  counsel 
a  consideration  of  the  relative  humidity  and  wind  as  well  as  of  the 
temperature.  The  intensity  of  the  sunshine  should  also  be  considered 
if  it  is  possible  to  find  records  of  it.     It  is  exceptional  to  find  observa- 
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tions  of  this  element  taken  in  the  Tropics,  whereas  temperature,  hu- 
midity, and  wind  data  are  often  at  hand.  Records  of  the  amount 
of  cloudiness  or  of  the  duration  of  sunshine  will  serve  to  give  some  idea 
of  the  frequency  with  which  intense  sunlight  occurs. 

Comfort  and  Discomfort  at  High  Temperatures 

In  estimating  the  feeling  of  warmth  or  discomfort  of  a  place  in  terms 
of  the  instrumental  weather  observations  usually  available,  it  would 
be  desirable  to  have  some  standard  criteria  to  mark  off  the  degrees  of 
warmth  or  comfort.  Unfortunately  this  is  not  a  simple  problem. 
Various  formulas  are  available  for  computing  a  single  index  of  comfort 
from  weather  observations,  and  some  of  them  do  indicate  fairly  well 
the  relative  stress  which  different  climates  put  upon  the  average  body's 
heat-  and  temperature-regulating  mechanism.  Not  one  of  them,  how- 
ever, has  escaped  criticism  from  many  persons  who  find  that  their 
own  sensations  do  not  accord  with  the  scale.  This  dilemma  focuses 
attention  on  several  important  factors  determining  bodily  sensations 
of  warmth  or  comfort  which  are  not  taken  into  account  by  any  mere 
measurements  of  the  temperature,  humidity,  wind,  and  sunshine. 

One  of  these  factors  is  the  remarkable  ability  of  the  body  to  adapt 
itself,  after  a  certain  length  of  exposure,  to  a  new  level  of  climatic 
conditions  by  shifting  its  " comfort  zone,"  and  another  is  the  existence 
of  great  differences  between  different  individuals  in  their  responses, 
voluntary  and  involuntary,  to  given  atmospheric  conditions  or  changes. 
These  differences  are  due  to  many  causes;  some  are  inherited,  others 
acquired;  some  are  due  to  disease,  some  to  training  and  habits  of  living, 
to  diet,  to  clothing  habits,  to  sex  and  age,  to  race,  and  to  other  factors. 
The  comfort  zone  of  a  group  of  people,  then,  is  only  an  average  of 
differing  individual  comfort  zones.  The  air-conditioning  engineers 
have  found  it  impracticable  or  impossible  to  design  installations  that 
will  make  more  than  50  to  65  percent  of  an  average  group  of  workers, 
shoppers,  or  movie-goers  comfortable  at  any  given  season.  Both  the 
average  as  well  as  each  individual's  comfort  zone  shifts  markedly 
with  the  season,  the  latitude,  the  climate,  and  living  habits.  Heredi- 
tary racial  differences  are  less  important,  it  seems. 

These  facts  render  futile  attempts  to  make  any  but  rather  crude 
and  largely  statistical  predictions  of  the  relative  or  absolute  comforta- 
bleness of  a  climate.  Very  extreme  conditions  can  be  faithfully  indi- 
ca  l  ed,  but  in  such  cases  no  complex  method  is  needed.  When  the  tem- 
perature and  humidity  together  exceed  certain  levels,  even  in  the  shade, 
all  men  will  rate  the  condition  as  "very  hot,"  and  heatstroke  is  likely 
if  the  exposure  continues  many  hours.  This  level,  as  shown  by  various 
experiments,  is  at  about  a  wet-bulb  temperature  of  85°  F.,  which 
corresponds  to  dry-bulb  and  relative-humidity  combinations  of  85° 
and  100  percent,  or  95°  and  70  percent,  or  110°  and  30  percent, 
respectively.  Likewise  any  conditions  below  60°  or  65°  F.,  dry-bulb, 
arc  rated  "cool"  or  "cold"  by  everyone.  Between  these  extremes  a 
wide  variety  of  comfortable  and  uncomfortable  conditions  are  found 
according  to  individual  circumstances  (fig.  1). 
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Figure  L — Comfort  and  subjective  sensations  at  various  temperatures  and  humidities 
for  normally  clothed  and  resting  persons  according  to  indoor-chamber  experiments 
and  ordinary  experience  outdoors.  The  indoor  comfort  zones  shown  are  based  on 
con  trolled -chamber  studies  with  almost  still  air  and  no  sunshine;  the  effect  of  wind 
would  be  to  shift  the  zone  some  degrees  to  the  lower  left  of  the  chart,  that  is,  toward 
lower  wet-  and  dry-bulb  temperature,  while  the  effect  of  sunshine  would  be  to  shift 
the  zone  to  the  upper  right  (toward  higher  wet-  and  dry-bulb  temperature).  The  terms 
in  capital  letters  describing  various  subjective  sensations,  "cool,"  "comfortable," 
"w  vrm."  etc..  give  the  outdoor  feelings  of  most  people  when  the  general  outdoor 
temperatures  are  in  the  regions  where  the  terms  are  located  on  the  diagram,  assuming 
average  conditions  of  wind  and  sunshine,  customary  clothing,  and  moderate  activity, 
and  that  the  individuals  are  used  to  those  temperatures.  There  is  considerable 
lapping  of  the  zones  of  neighboring  sensations  on  the  chart,  owing  to  differences  in  sun 
and  wind  and  in  acclimatization  and  clothing  of  the  individual.  A  comparison  of  the 
Java  and  L  nited  States  winter  indoor  comfort  zones  indicates  the  magnitude  of  the 
shift  in  the  comfort  zone  from  the  cooler  climates  to  the  Tropics  or  vice  versa.  Com- 
paring the  indoor  with  the  outdoor  sensations  of  warmth  or  coolness,  one  notes  that 
with  some  sunshine,  proper  clothing,  and  physical  exercise  it  is  likely  to  be  comfortable 
at  lower  temperatures  outdoors  than  indoors  at  rest.  On  the  too-warm  side.  h< 
exercise,  sunshine,  and  clothing  make  one  more  uncomfortable  at  lower  temperatures 
outdoors  than  indoors  at  rest.  In  the  lower  left  of  the  diagram  is  an  "optimum  for 
civilization"  zone,  which  extends  to  still  lower  temperatures  35  F.)  than  shown. 
This  is  roughly  the  climate  which  Ellsworth  Huntington  has  susirested  as  m«  - 
du<ive  to  human  physical  and  intellectual  activity,  for  he  found  some  evidence  that 
people  are  healthier,  produce  more  goods,  and  have  more  advanced  culture  in  r  . 
of  the  earth  where  mean  temperatures  in  this  approximate  range  prevail,  along  with 
sufficient  yearly  rariiie  and  day-to-day  variability  to  be  stimulating.  It  is  not  a 
"comfort  zone,"  however,  as  one  can  readily  see.  All  of  the  data  for  this  figure  are 
so  crude  and  subject  to  so  many  limitations  of  interpretation  that  one  should  not 
attempt  to  read  it  in  much  detail:  it  rather  serves  to  illustrate  the  general  principles 
and  very  approximate  order  of  magnitude  of  the  contra-  - 
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Monotony  Versus  Variability 

It  is  important  to  add  that  comfort  and  health  are  not,  according 
to  the  besl  medical  and  hygienic  opinion,  necessarily  synonymous. 
The  definitions  of  comfort  in  vogue  with  air-conditioning  technicians 
arc  based  on  a  short-time  adaptation  to  a  steady  state.  There  is 
really  a  big  difference  between  such  a  static  condition  and  the  more 
dynamic  state  when  the  exposure  is  to  the  weather  with  its  hour-to- 
hour  and  day-to-day  changes  in  infinitely  varying  patterns.  A 
steady  condition  which  would  be  rated  very  comfortable  during  a 
3-hour  exposure  would  undoubtedly  lead  to  a  weakening  of  body  tone 
after  a  week  or  more.  Weather  changes,  if  not  extreme,  are  stimulat- 
ing, unless  the  body  is  in  very  poor  condition,  sick,  or  unused  to  such 
changes. 

Though  no  one  doubts  its  great  significance,  it  is  exceedingly  diffi- 
cult to  devise  any  quantitative  measure  of  the  role  of  weather  vari- 
ability in  maintaining  or  impairing  health.  At  least  it  can  be  said 
that  the  concept  of  comfort  is  quite  meaningless  so  far  as  the  health- 
fulness  of  a  climate  is  concerned,  unless  the  variability  or  monotony 
be  considered  at  the  same  time. 

The  writer's  experience  in  the  West  Indies,  backed  by  opinions  of 
many  others  with  more  varied  tropical  experience,  leads  to  the  con- 
clusion that  for  the  larger  part  of  the  Tropics  the  monotony  of  the 
weather  is  far  more  intrinsically  disadvantageous  to  the  maintenance 
of  good  health  than  its  warmth  or  humidity.  Where  the  variability 
in  the  sense  of  day-to-day  changes  is  generally  small,  the  body  tends 
to  lose  its  ability  to  adapt  itself  to  any  unusually  marked  change 
without  some  pathological  or  atonal  consequences.  This  fact  under- 
lies the  danger  of  "chills"  in  many  tropical  regions,  which  is  strongly 
emphasized  in  all  handbooks  on  tropical  medicine  and  hygiene. 

The  effect  of  monotony,  then,  is  to  increase  the  sensitivity  to 
changes,  so  that  a  small  change  which  would  pass  unnoticed  in  a  more 
variable  climate  may  contribute  to  some  definite  malaise  in  the 
monotonous  environment.  This  is  a  phenomenon  almost  univer- 
sally observed  with  tropical  residents  of  all  races,  though  this  also 
varies  greatly  with  individuals,  and  a  few  unusually  robust  persons 
can  always  be  found  to  deny  it.  In  tropical  locations  where  sudden 
cool  spells,  such  as  northers,  enduring  cool  rains,  squalls,  sea  breezes, 
and  other  disturbances  occur  occasionally  in  the  midst  of  generally 
monotonous  weather,  this  sensitivity  becomes  a  real  factor  in  public 
health.  Colds  of  a  mild  sort  are  very  common  in  the  Tropics,  and 
people  often  attribute  them  to  weather  changes.  When  a  cold 
her  strikes  the  highlands  of  Central  America,  many  natives 
contract  fatal  pneumonia.  Better  diet,  clothing,  and  housing,  and 
the  habit  of  exercising  vigorously  would  remove  the  danger  of  these 
her  effects;  but  even  such  apparently  simple  therapy  is  largely 
hindered  by  economic  and  social  conditions. 

A  wide  daily  range  of  temperature  or  of  wind  velocity  may  produce 
a  -miliar  problem,  though  these  conditions  are  sometimes  the  health- 
We  have  yet  to  learn  just  what  kind  of  changes  are  harmful. 
A  careful  study  of  the  frequencies  of  small  weather  variations  in  the 
Tropica  would  be  of  more  value  than  many  of  the  averages  usually 
available  for  climatic  statis 
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Need  and  Possibilities  of  Hygienic  Precautions 

Some  hygienic  precautions  to  offset  the  effects  of  monotony  are 
possible.  If  one  lives  in  a  tropical  lowland  near  an  accessible  high- 
land, frequent  or  regular  visits  to  the  higher  and  therefore  usually 
cooler  locality,  even  if  only  overnight  or  for  week  ends,  will  serve  as  a 
general  tonic  stimulus  as  well  as  a  temporary  relief  from  heat.  Such 
trips  are  actually  taken  at  every  opportunity  by  those  who  are  able  to 
do  so.  In  addition,  and  especially  where  no  other  alternative  source  of 
stimulating  change  can  be  found,  the  habit  of  regular  vigorous  exer- 
cise, even  under  very  warm  conditions,  is  one  of  the  best  substitutes  for 
weather  variability  in  keeping  up  body  tone.  This  may  seem  a  radical 
suggestion  in  view  of  the  fact  that  we  have^  been  told  for  years  that  a 
white  man,  at  least,  could  not  endure  hard  labor  in  the  Tropics. 
That  myth,  however,  is  now  well  exploded.  In  fact,  in  extremely 
tropical  locations  it  is  the  exceptional  white  man  who  stands  up  well 
for  any  long  period  of  time  unless  he  exercises  sufficiently.  Various 
military  campaigns  and  experiences  on  plantations  and  public  works 
leave  no  doubt  that  continual  hard  labor  is  very  beneficial.  However, 
neither  whites  nor  Negroes  should  be  expected  to  work  as  hard  or  for 
such  long  hours  under  very  warm  conditions  as  under  cooler  ones, 
and  thus  labor  can  never  be  so  efficient  in  the  Tropics  as  in  cooler  and 
more  variable  climes.  Proper  clothing  and  moderation  are  desirable 
for  health  as  well  as  comfort. 

There  are  many  colonies  of  white  farmers,  such  as  the  Germans 
in  Brazil,  who  have  thrived  for  years,  even  for  several  generations, 
under  somewhat  unfavorable  climatic  conditions.  Many  other  tropi- 
cal white  settlements  have  failed  or  degenerated,  but  the  climate  can- 
not be  held  more  than  indirectly  responsible.  Without  adequate 
knowledge  and  observance  of  present-day  hygienic  principles,  without 
favorable  economic  and  political  conditions,  without  strong,  well- 
selected  stock  willing  to  overcome  difficulties  at  some  sacrifice,  no 
colonization  effort  could  be  expected  to  succeed  in  the  Tropics.  The 
greatest  success  has  of  course  been  achieved  in  the  subtropical  climates, 
which  are  cooler. 

But  the  equatorial  zone  is  not  yet  generally  regarded  as  suitable  for 
white  settlers  except  as  overlords  of  workers  of  the  darker  races, 
largely  because  of  the  prohibitive  cost  of  the  necessary  hygiene  on  an 
extensive  scale.  The  Panama  Canal  Zone  colony  is  commonly 
regarded  as  proof  that  good  sanitation  and  public  health  can  be 
achieved  locally  in  such  climates.  It  is  safe  to  say  that  any  tropical 
environment  can  be  made  tolerably  habitable  for  civilized  whites  in 
small  groups  under  strict  control.  The  health  of  a  dense,  widespread 
native  population  in  an  equatorial  climate  has  never  yet  been  raised 
to  the  standards  of  the  United  States  or  western  Europe.  Such  popu- 
lations remain  vast  reservoirs  of  disease  which  render  the  health  of  any 
white  man  among  them  very  precarious,  for  he  cannot  fully  or  effec- 
tively observe  the  best  precautions  in  such  an  environment.  Clearly 
this  is  a  case  where  economic  and  social  conditions  are  of  more  direct 
consequence  than  the  climate,  which  by  itself  might  be  more  success- 
fully faced. 

The  subtropical  and  highland  tropical  regions  offer  innumerable 
examples  of  unbroken  generations  of  cultural  existence;  at  least  in 
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many  of  them  it  is  hard  to  prove  any  real  degeneration,  though 
refreshing  contacts  from  the  outside  have  no  doubt  done  much  to 
maintain  them.  Trade-wind  climates,  particularly  in  windward  sea- 
coast  exposures,  are  quite  comfortable  for  1  to  6  months  of  the  year; 
this  rudimentary  winter  provides  some  much-needed  stimulation, 
though  in  many  cases  it  is  insufficient  to  maintain  a  healthy  tone. 

For  every  tropical  white  who  boasts  of  his  continued  good  health, 
his  fine  children,  etc.,  one  can  find  a  repatriate  many  years  sick  or 
broken  for  life.  Much  repatriation  for  reasons  of  health  is  in  a  sense 
unnecessary;  so  also  are  many  premature  deaths.  Overindulgence  in 
alcohol  is  a  well-known  affliction  which  directly  or  indirectly  may 
explain  a  large  fraction  of  the  casualty  list.  It  is  worth  noting  that 
the  attention  to  the  bar  hi  warm  countries  springs  fundamentally 
from  a  need  for  stimulation  which  the  climate  fails  to  give.  A  daily 
set  of  tennis  or  some  other  vigorous  exercise  in  place  of  the  extra 
highballs  would  be  the  best  solution.  However,  unsatisfactory  social 
environment  is  often  the  immediate  cause  for  seeking  alcohol. 

Range  of  Temperature  and  Humidity 

This  emphasis  upon  the  question  of  monotony  versus  variability 
is  not  intended  to  give  the  impression  that  heat,  humidity,  and  sun- 
shine are  of  only  minor  significance  in  themselves.  Insofar  as  any 
or  all  of  these  elements  may  exhibit  average  values  which  approach 
limits  of  tolerance  by  the  body,  monotony  will  aggravate  their  effect, 
and  variability  will  lessen  it.  It  may  be  safely  assumed  that  the 
most  extreme  degrees  of  these  elements  that  can  be  borne  for  short 
spells  without  apparent  harm  will  be  pathological  or  lethal  under 
sufficiently  long  exposures.  That  is  a  matter  of  common  observation, 
experimentally  substantiated  for  temperature  and  the  ultraviolet 
part  of  sunlight,  at  least.  This  observation  emphasizes  again  that 
the  significance  of  any  definite  temperature,  humidity,  sunshine,  or 
wind  value  cannot  be  realistically  estimated  apart  from  its  duration 
—  that  is,  apart  from  its  montony  or  variability. 

The  extreme  maximum  temperatures  in  the  Americas  are  recorded 
from  the  dry  or  desert  regions,  where  they  occur  with  low  relative 
humidities  and  where  the  night  temperatures  are  often  rather  low. 
If  water  and  food  can  be  supplied,  it  is  quite  feasible  to  live  in  such 
a  region  without  serious  heat  effects  once  a  certain  degree  of  acclima- 
tization is  attained.  The  dustiness,  extreme  drjmess,  and  static 
electrical  discharges  seem  to  cause  much  irriation  to  membranes 
and  skin,  as  well  as  nervousness.  The  excessive  sunshine,  often  but 
not  always  rich  in  ultraviolet  rays,  is  a  strain  on  those  who  must  be 
outdoors  by  day.  The  large  dosage  of  ultraviolet  in  these  regions  is 
a  cause  of  the  high  incidence  of  skin  cancer  observed  there.  The 
monotony  in  tropical  desert  weather  is  not  as  serious  as  elsewhere, 
owing  to  the  great  change  between  day  and  night,  which,  if  anything, 
may  be  too  stimulating  for  some  constitutions" 

In  the  more  moist  parts  of  the  continental  Tropics  rather  high 
maximum  temperatures  may  occur  in  the  dry  season,  resulting  in 
oppressive  and  exhausting  weather  owing  to  the  accompanying 
moderate  humidity  and  insufficiently  cool  nights.  Inability  to  sleep 
well  because  of  hot  nights  can  be  very  exhausting  when  it  persists  for 
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a  season,  and  often  explains  why  some  climates  with  generally  hot 
days  are  well  tolerated  and  others  are  not.  The  trade-wind  islands 
and  coasts,  however,  rarely  suffer  daytime  temperatures  of  over 
95°  F. ;  in  winter  the  steady  wind  and  more  moderate  humidity  make 
even  sunny  days  there  quite  comfortable,  but  in  the  summer  and 
autumn  warm,  muggy  weather  is  the  rule.  Even  so,  the  combinations 
of  high  temperature  and  humidity  experienced  yearly  in  the  familiar 
summer  heat  waves  of  the  United  States  are  much  more  oppressive 
than  the  worst  combinations  that  ever  occur  at  many  places  on 
windward  shores  in  the  subtropics.  But  in  the  subtropics  the  weather 
of  one  summer  day  will  not  differ  from  that  of  the  next  day  by  an 
average  of  more  than  a  degree  or  two  in  temperature,  though  the 
humidity,  sunshine,  and  wind  will  show  relatively  more  variation.  A 
native  Puerto  Rican  will  invariably  prefer  to  spend  the  summer  on 
the  island  to  going  to  the  United  States,  but  most  Americans  living 
in  Puerto  Rico  find  it  more  stimulating  to  spend  the  summer  in  the 
States  in  spite  of  its  heat  waves ;  this  is  partly  due  to  the  pull  of  family 
and  racial  ties  but  also  reflects  a  difference  in  acclimatization. 

Some  important  contrasts  to  note  between  the  interior  continental 
and  the  trade-wind  island  or  coastal  parts  of  the  American  Tropics  lie 
in  the  annual  and  daily  ranges  of  the  weather  elements.  The  generali- 
zation can  be  made  that  the  highland  and  maritime  windward  locations 
of  the  trade-wind  zone  have  rather  mild  but  monotonous  conditions 
during  much  of  the  year,  whereas  the  lowland  continental  locations 
(except  those  in  the  monotonous  rainy  equatorial  belt)  are  given  to 
extreme  conditions  during  at  least  part  of  the  year.  In  specific  cases 
it  is  often  practically  impossible  to  decide  which  of  these  types  of 
climate  is  the  more  healthful ;  for  example,  is  the  continental  location 
with  a  very  uncomfortable  season  of  limited  duration  healthier  than  a 
maritime  place  which  is  milder  the  year  round  but  more  monotonous? 
The  latter  kind  of  environment  has  over  the  centuries  certainly 
attracted  more  numerous  and  successful  settlers,  but  possibly  only 
because  it  has  had  the  advantage  of  greater  accessibility.  Perhaps 
after  a  decade  of  serious  research  in  tropical  physiology  we  may  be 
able  to  answer  such  questions  better. 

PHYSIOLOGY  OF  COLD  AND  HEAT  RESPONSES 

One  is  comfortable  when  the  loss  of  heat  from  the  body  closely 
balances  the  production  of  heat  within  the  body  (that  is,  its  metab- 
olism) without  sensibly  straining  the  heat-regulating  mechanism. 
When  the  environment  begins  to  cool  below  comfortable  levels,  first 
the  outer  capillaries  close,  and  their  blood  shifts  to  the  interior,  which 
has  the  effect  of  reducing  the  heat  loss  to  the  air  by  conduction  and 
convection,  and  the  heat  loss  by  radiation  also  decreases  because  the 
skin  temperature  lowers.  Then  if  the  environment  becomes  still 
colder,  certain  endocrine  gland  secretions  are  released  which  increase 
the  internal  heat  production  to  balance  the  extra  heat  loss.  Involun- 
tary shivering  also  produces  extra  heat  in  the  muscles.  In  these  ways 
the  constant  body  or  blood  temperature  of  98°  F.  is  maintained  unim- 
paired, unless  the  cooling  becomes  too  extreme.  This  reaction  to  the 
stimulus  of  cold  can  be  trained  by  cold  baths  or  by  frequent  exposures 
to  cold  weather  to  operate  very  promptly  and  adequately,  so  that 
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"one  doesn't  mind  the  cold."  so  to  speak.  If  no  coolness  is  experienced 
for  a  long:  time,  however,  the  mechanism  of  reaction  becomes  so  slow 
and  inadequate  from  disuse  that  when  the  next  strong  chill  does  come 
it  may  lead  to  shock,  illness,  and  even  death.  Continuous  exposure 
to  warmth  thus  renders  exposure  to  chill  more  serious. 

When  the  normal  state  of  comfort  and  metabolism  is  restored, 
if  the  environment  becomes  sufficiently  warmer,  the  capillaries  rapidly 
dilate  to  let  more  blood  reach  the  skin,  from  which _  conduction, 
convection,  and  radiation  can  pass  heat  more  rapidly  to  the 
surroundings.  With  further  increase  in  warmth  to  temperatures 
between  80°  and  90°  F.  the  sweat  glands  suddenly  begin  to  secrete; 
the  evaporation  of  the  sweat  takes  up  latent  heat  and  greatly  aug- 
ments the  cooling  power  of  the  air,  unless  the  air  is  already  saturated. 
At  about  this  point,  however,  the  increasing  warmth  also  begins  to 
increase  the  metabolism  (heat  production) ;  the  added  cooling  from 
evaporation  of  sweat  thus  merely  serves  to  maintain  the  balance 
between  heat  production  and  heat  loss.  But  the  balance  is  finally 
destroyed  if  the  air  closely  approaches  or  surpasses  the  body  temper- 
ature of  98°  F.  Discomfort,  however,  is  usually  complained  of  as 
soon  as  sweating  begins,  although  the  discomfort  would  of  course  be 
much  greater  if  one  could  not  sweat — and  some  people  do  not  sweat 
»n  or  as  much  as  others. 

With  air  temperatures  higher  than  body  temperature,  the  pulse 
rate,  rate  of  breathing,  and  body  temperature  all  tend  to  rise,  for  the 
heat  loss  is  not  keeping  up  with  heat  production.  In  some  individuals, 
principally  the  very  young,  the  aged,  the  sick,  and  those  with  weak 
hearts,  such  a  condition  rapidly  leads  to  one  of  the  various  typt 
heat  sickness,  stroke,  exhaustion,  heart  failure,  or  acute  symptoms 
of  any  other  disease  they  may  have.  A  great  many  of  the  recorded 
"heat  deaths"  occur  among  these  predisposed  victims.  There  are, 
of  course,  limits  to  what  even  the  healthiest  and  most  acclimated 
man  can  stand.  Heatstrokes  and  deaths,  however,  are  far  more 
common  in  the  midlatitudes  than  in  the  Tropics,  probably  owing 
to  lack  of  acclimatization  and  to  improper  clothing  in  places  where 
heat  waves  are  only  occasional. 

ACCLIMATIZATION  TO  HEAT 

A  healthy  man  well  acclimated  to  working  under  such  conditions 
may  for  hours  run  a  body  temperature  of  103°  or  even  104°  F.  while 
exercising  in  the  heat  without  marked  ill  effects.  The  proce- 
acclimatization  to  heat  consists  in  "learning"  to  sweat  more  freely 
but  with  a  smaller  total  amount  of  salt  in  the  sweat ;  this  must  be 
accompanied  by  a  greater  water  intake  and  an  adequate  amount  of 
Bait  in  the  diet  or  water.  Failure  to  eat  enough  salt  while  sweating 
heavily  and  continually  depletes  the  salts  in  the  blood,  altering  its 
colloidal  balance  and  impoverislung  other  organs  of  the  body. 
Insufficient  salt  is  the  main  cause  of  heat  cramps  as  well  as  other 
acute  effects  of  heat. 

The  shift  of  the  comfort  zone  to  higher  limits  of  temperature  and 
humidity  is  also  a  mark  of  acclimatization,  but  it' is  not  certain  just 
what  this  signifies  beyond  a  reduction  of  the  thresholds  of  nervous 
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sensitivity    to    heat:    possibly    it    decreases    metabolism    and    delays 
nervous  exhaustion. 

There  is  evidence  that  acclimatization  to  heat  probably  involves 
still  other  mechanisms,  some  of  which  are  questioned  by  many  authori- 
ties. For  example,  the  basal  metabolism — the  production  of  heat 
for  internal  needs,  without  muscular  movement — is  said  to  decrease 
somewhat;  there  seems  to  be  an  unconscious  tendency  to  choose  a 
diet  of  less  protein  and  more  carbohydrate:  the  number  of  sweat 
glands  may  increase,  at  least  after  years  of  exposure:  breathing 
may  become  slower  and  deeper:  the  adrenal,  thyroid,  and  suprarenal 
glands  may  alter  their  levels  of  secretion,  causing  lower  metabolism 
and  blood  pressure.  These  are  difficult  physiological  problems  that 
await  more  careful  investigation. 

SUNLIGHT 

The  ultraviolet  component  of  the  sunshine  can  cause  a  skin  burn 
which  makes  one  ill;  yet  in  limited  dosage  these  rays  are  valuable 
for  the  vitamin  D  they  form  in  the  skin.  Many  tropical  climates  are 
very  sunny  and  rich  in  ultraviolet.  One  must  therefore  be  careful 
of  sunburn  until  a  tan  is  acquired,  and  even  then  sun  sickness  is  readily 
possible.  Many  tropical  residents  deliberately  dodge  much  sun  ex- 
posure, thus  acquiring  the  familiar  tropical  pallor.  A  tan  is  desir- 
able, however,  if  it  can  be  acquired,  as  it  prevents  much  of  the  ultra- 
violet from  penetrating  too  deep  into  the  skin.  A  good  tan  is  regarded 
as  a  sign  of  good  constitutional  powers  in  the  case  of  tuberculosis 
patients.  Though  heliotherapy,  or  sun  treatment,  is  widely  used 
for  tuberculosis,  the  sunny  Tropics  have  a  very  high  incidence  of 
that  disease.  This  apparent  anomaly  is  explained  by  the  fact  that 
tuberculosis  flourishes  most  where  crowding,  malnutrition,  and  lack 
of  hygiene  is  worst. 

The  sun's  rays  also  add  much  ordinary  heat  to  the  body  when  they 
strike  the  skin  or  clothes.  In  the  Tropics,  where  the  body  is  usually 
having  difficulty  in  losing  its  own  heat  to  the  environment,  the  sun- 
shine aggravates  the  discomfort.  Indeed,  for  San  Juan,  P.  R..  it 
has  been  computed  that  the  full  sunlight  of  midday  generally  decreases 
the  cooling  power  of  the  environment  by  about  one-fourth  to  one- 
half.  Under  such  conditions  the  difference  between  the  shade  and 
the  sunshine  is  often  the  difference  between  comfort  and  discomfort. 
Type  of  clothing  may  make  a  similar  difference.  A  black  surface 
absorbs  nearly  all  the  incident  solar  rays,  while  a  white  surface 
reflects  a  large  part  of  them.  Light-colored  clothes  are  therefore 
preferable. 

Speaking  of  black,  one  wonders  why  the  Negro  would  not  feel  the 
sun  more  than  a  white  man.  The  Negro's  skin  does  absorb  more 
solar  heat,  to  be  sure,  but  it  has  more  sweat  glands:  hence  the  Negro 
sweats  very  copiously  and  because  of  his  blackness  starts  to  sweat 
sooner,  for  skin  temperature  controls  the  sweat  reaction.  Wearing 
clothes,  however,  puts  the  Xegro  and  white  more  on  a  par.  The 
Negro  skin  is  tough  and  withstands  infection  better  than  the  white 
skin,  which  becomes  soggy  with  continual  sweating,  making  skin  ail- 
ments hard  to  cure.     The  origin  and  significance  of  the  pigmentation 
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0f  {\v  It  i-  observed,  however,  that  the  darker 

rably  better  suited   to   the  Tropics:  even  Italians. 
Port  -        [ards  have  an  advantage  over  blonds  from  higher 

latiti]  :  B  must  be  cautious  about  such  reasoning,  however,  for 

the  Mava-Aztec-Inca  group  of  Indians  of  Central  and  South  America 
do  not  thrive  in  the  hot.  moist  lowlands  much  better  than  the  whites. 
-  ire  to  high  intensities  the  heat  and  ultra- 

violet rays  of  the  sun  may  induce  cataract  of  the  eve. 

TROPICAL  PHYSIOLOGY 

The  notion  that  there  is  an  organized  science  of  tropical  physiology 
illy  a  fiction,  for  very  little  scientific  work  has  yet  been  done 
directly  in  that  field:  nearly  all  the  numerous  observations  quoted  in 
medical  and  other  books,  purporting  to  show  that  physiological  norms 
in  the  Tropics  differ  from  those  of  cooler  lands,  have  been  severely 
criticized  or  contradicted.  Doctors  have  generally  averaged  their 
readings  from  routine  medical  tests  without  sufficient  regard  to 
whether  the  patients  were  sick  or  well,  young  or  old.  male  or  female, 
or  slim,  acclimatized  or  not.  of  pure  or  mixed  blood,  sane  or 
feeble-minded,  well  or  poorly  nourished,  of  low  or  high  economic  and 

J  position;  and  they  have  lumped  together  readings  from  different 
-  -  ris.  climates,  and  times  of  the  day.  Such  a  melange  of  routine 
medical  observations  could  hardly  be  expected  to  provide  bases  for 
sound  or  useful  physiological  conclusions.  Many  of  the  individual 
observations  of  tropical  physicians  are  doubtless  quite  valid,  but  they 
are  not  very  suitable  for  scientific  generalization. 

Nevertheless,  a  few  remarks  can  be  made  on  some  very  general  or 
typical  effects  of  a  tropical  climate.     A  slight  lowering  of  blood  pres- 
sure s  :>e  very  common  and  probably  results  from  the  suffusion 
of  the  capillaries  under  warm  conditions.     The  volume  of  blood  pre- 
sumably increases  to  compensate  for  the  supply  withdrawn  from  the 
interior  of  the  body  to  fill  the  dilated  capillaries:  otherwise  the  via 
would    become    impaired.     This    is    accompanied    by    a    decrease    in 
hemoglobin  from  the  dilution  and  by  the  entrance  of  new  red  corpus- 
cles from  the  spleen  into  the  circulation.     Such  a  diluted  blood  is  an 
adaptation  that  makes  greater  sweat  volume  possible.     The  de< 
in  blood  has  given  rise  to  the  saying  that   ' "one's  blood  is 
thinner  in   the  Tropics."     Profuse  and  prolonged   sweating  tak 
toll  of  plasma,  fluid,  and  salts  from  the  blood  which  of  course  mi- 
made  up  by  -  m  if  serious  symptoms  ieven  death)  are  not  to 
1  )rdinarily.  an  adequate  diet,  with  salt  and  plenty  of  water. 
permits  I                m  to  stand  the  effects  of  sweating.     Nevertb 
temp                 riciencies  of  sodium,  chlorine,  potassium,  and  calcium 
from  the  blood  and  serum  may  frequently  occur,  with  accompanying 

_-ie  or  exhaustion.     Frequent   or  steady  reduction  of  the   I 
volm  the  viscera  leads  to  impaired  appetite 

-  ion.  through  a  decrease  in  gastric  secretions,  and  to  an  atonic 

lition  of  r :  ines,  with  constipation.     High  temperatures  and 

a  rich  carbohydrate  diet  -  pave  the  way  for  infection  in  the 

haps  by  altering  the  bacterial  flora  or  the  permeability 
of  the  membranes.      Intestinal  and  eastric  complaints  are  very 
mon  in  the  T 
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The  depression  of  basal  metabolism  generally  reported  from  lower 
latitudes  is  often  cited  as  an  adaptation  to  the  climate.  Some 
authorities  doubt  that  it  is  a  real  phenomenon,  owing  to  questions 
about  the  method  of  determining  the  metabolism.  If  it  is  real,  then 
it  is  not  clear  how  it  serves  as  an  adaptation.  Without  considering 
the  accompanying  changes  in  diet,  height,  weight,  and  body  temper- 
ature no  conclusions  about  the  basal  metabolism  can  be  safely  drawn, 
and  few  reliable  records  of  this  sort  are  available.  The  development 
of  a  "tropical  build,"  the  tall  rangy  or  slender  type,  is  also  claimed  as 
an  adaptation.  For  the  same  weight  a  slender  person  has  more  sur- 
face area  per  unit  weight  than  a  stocky  one,  and  he  can  thus  lose  heat 
more  easily.  But  it  is  hard  to  prove  that  the  climate  rather  than 
some  other  factors  results  in  such  a  build. 

The  "working"  metabolism  (the  heat  production  when  one  is  active 
rather  than  resting  and  fasting)  certainly  averages  less  in  warmer 
than  in  cold  climates,  a  tendency  which  is  probably  associated  with 
some  reduction  in  weight.  This  is  an  adaptation  in  many  cases, 
resulting  from  eating  less  heating  foods  and  from  less  physical  activity ; 
but  it  may  also  often  be  a  sign  of  malnutrition,  poor  tone,  gastric 
troubles,  or  other  disease.  Heavy  or  fat  persons  do  not  necessarily 
have  difficulty  in  acclimatization,  however.  Muscular  activity  pro- 
duces a  large  amount  of  body  heat,  only  30  to  40  percent  of  which  is 
actually  used  by  the  muscles;  the  rest  must  be  stored  or  given  off  to 
the  environment  as  surplus,  unless  the  environment  is  so  cold  that  it 
is  needed  to  maintain  body  temperature.  The  disinclination  to  work 
or  to  engage  in  any  physical  activity  when  it  is  warm  is  probably 
largely  due  to  the  anticipated  discomfort  of  this  heat  surplus  from 
muscular  activity.  Any  tendency  to  chronic  overactivity  of  the 
thyroid  keeps  the  metabolism  high  and  in  the  Tropics  is  apt  to  drive 
the  victim  to  neurasthenia.  Those  with  subnormal  thyroid  are  sent 
to  the  Tropics  for  safety  against  cold,  which   they  cannot  stand. 

Women  and  children  have  been  reported  to  withstand  the  Tropics 
less  well  than  men.  The  women  often  neglect  to  exercise  sufficiently 
and  fail  to  find  suitable  social  conditions.  This  failure  contributes 
toward  neurasthenia.  Also  their  tendency  to  obesity  may  make 
warmth  more  trying.  Childbirth  is  said  to  be  more  difficult  and 
risky.  Yet  there  is  no  conclusive  proof  that  these  troubles  are  inherent 
or  inevitable;  probably  better  hygiene  and  medical  service  can 
largely  eliminate  them.  Mothers  face  some  difficulty  in  feeding 
babies  properly  in  a  hot  climate  and  in  obtaining  good  milk.  Whether 
children  mature  as  well  in  the  Tropics  as  in  cooler  climates  is  still  a 
question  of  heated  debate  in  colonial  medical  circles,  but  the  social 
conditions  seem  of  greater  moment  than  the  climate. 

The  amount  of  oxygen  is  less  in  a  cubic  foot  of  hot  air  than  in  a 
cubic  foot  of  cold  air,  which  means  that  in  some  degree  the  tropical 
resident  has  less  available  oxygen.  Oxygen  is  of  course  a  vital  require- 
ment; its  restriction  even  in  small  amounts  over  a  long  time  may  either 
diminish  the  effectiveness  of  all  bodily  functions  or  force  the  body 
to  learn  to  use  the  available  oxygen  more  efficiently.  There  is  some 
indication  that  both  effects  probably  do  occur,  but  their  full  signifi- 
cance for  tropical  acclimatization,  if  any,  remains  to  be  explored. 

The  most  interesting  conclusion  from  this  meager  knowledge  of 
tropical  physiology  seems  to  be  that  the  most  effective  mechanisms 
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of  phvsical  heat  regulation  under  warm  conditions — sweating  and 
capillary  suffusion—have  a  tendency  to  produce  rather  deleterious 
effects  on  the  blood  chemistry  and  on  the  tone  of  the  internal  organs, 
with  the  result  of  lowering:  resistance  to  infection  Thus  the  human 
bodv's  defenses  against  heat  do  not  seem  by  nature  to  be  well  desipied 
for  more  than  short  exposures.  It  would  be  very  premature,  however, 
to  conclude  at  this  time  that  there  is  no  hope  for  man  to  discover  a 
practical  tropical  hygiene  which  will  insure  him  against  progressive 
deterioration  of  tonVdue  to  the  climate.  We  have  hardly  begun  to 
learn  the  adaptive  possibilities  of  the  human  organism.  Careful 
studies  carried  over  several  generations  will  be  required. 

PRESELECTION 

There  is  good  reason  to  expect  that  in  a  few  years  a  system  of 
preselection  of  men  who  will  acclimatize  well  to  the  Tropics  can  be 
worked  out.  This  sort  of  thing  is  now  very  effectively  done  in  select- 
ing pilots  for  the  Army  and  Navy  Air  Corps.  Over  a  decade  ago 
Borchardt  ■  attempted  to  select  those  who  would  sweat  well  by  placing 
them  in  a  heated  chamber  for  some  hours.  The  ideal  type  of  man  for 
the  Tropics,  however,  must  do  more  than  sweat ;  he  should  have  nerv- 
ous and  emotional  stability,  no  trace  of  hyperthyroidism,  no  abnor- 
mally hisrh  metabolism:  he  must  tolerate  regular  doses  of  quinine  and 
other  prophylactic  drugs;  obesity,  fondness  for  alcohol,  and  some 
other  tendencies  do  not  augur  well.  But  research  is  needed  on  the 
role  of  various  constitutional  factors,  such  as  the  flexibility  and  effi- 
ciency of  the  coordination  between  metabolism,  circulation,  muscles, 
and  nervous  system,  before  any  satisfactory  procedure  of  selection 
can  be  applied3  When  it  can  be,  it  will  save  great  sums  of  money  and 
many  broken  lives.  Studies  on  the  physiology  of  exercise  being  pur- 
sued at  the  fatigue  laboratory  of  Harvard  University  are  very  prom- 
_  to  this  end. 

AIR  CONDITIONING 

There  are  possibilities  that  air  conditioning  can  make  certain  un- 
comfortable climates  not  only  more  bearable  but  more  healthful,  but 
-  i  high  that  its  general  use  will  be  greatly  limited  by 
economic  conditions.  The  enervating  effects  of  certain  equatorial 
climates  where  hot  nights  are  frequent  could  probably  be  diminished 
materially  by  air-conditioned  sleeping  rooms.  In  general,  however, 
marked  cooling  of  interiors  is  dangerous  in  the  Tropics  owing  to  the 
chill  and  shock  experienced  when  the  hot  moist  body  suddenly  passes 
into  a  cool  dry  place.  Consequently  considerable  dehumidification  of 
the  air  with  only  a  small  degree  of  cooling  is  recommended  to  obtain 
comfort  indoors. 


p.  259.  for  citation, 
in  a  report  of  a  recent  study  (see  Selected  References,  p.  260. 1  doubts  that  the  basal  metabolism 
~  any  indication  of  tropical  acclimatability.  but  the  present  writer  considers  the  scope  of  her  in- 
quiry too  narrow  and  seat  no  reason  fw  pessimism 
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Climate  and  Soil 


Bv  Charles  E.  Kellogg  ! 


FIVE  BROAD  QUESTIONS  are  discussed  in  this  article:  (1) 
How  is  a  soil  formed?  (2)  What  is  the  relationship  between 
climatic  factors  and  soil?  (3)  What  are  the  principal  soil  types 
and  their  characteristics?  (4)  What  factors  are  involved  in 
soil  fertility  and  productivity,  soil  exhaustion  and  renewal,  and 
erosion?  (5)  What  considerations  guide  the  farmer  in  his  use 
of  the  soils  on  an  individual  farm?  Throughout  the  author 
emphasizes  the  complexity  of  the  soil  and  the  problems  relating 
to  it. 


;  Charles  E.  Kellogg  is  Principal  Soil  Scientist  and  Chief  of  the  Division  of  Soil  Survey.  Bureau  of  Plant 
Industry. 
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HOW  A  SOIL  IS  FORMED 

Imagine  a  great  mass  of  granite  or  some  similar  rock  thrust  above  the 
ocean  or  otherwise  exposed  in  a  part  of  the  earth  having  a  humid, 
temperate  climate  like  that  of  West  Virginia  or  Maryland.  Soon 
after  exposure  to  the  sun  and  rain  the  bare  surface  of  the  rock  begins 
to  crumble.  Changes  in  temperature  from  night  to  day  and  from 
season  to  season  cause  strains  and  stresses  in  the  rock.  Water  freezes 
in  the  cracks  and  expands,  thus  helping  to  break  the  rock  to  pieces. 
Water  changes  some  of  the  minerals  and  dissolves  out  some  of  the 
more  soluble  materials,  moving  them  to  other  places,  into  deep  channels 
or  surface  lakes  and  streams.  As  the  water  rushes  over  the  surface 
of  the  rock  mass,  some  of  the  small  fragments  may  be  moved  and  re- 
deposited  at  the  base  of  slopes,  in  lakes  and  ponds,  along  streams,  or 
in  deltas. 

This  whole  process,  physical  and  chemical,  is  called  weathering. 
Weathering  is  a  destructive  process,  and  by  it  loose  deposits  of  fine 
rock  material  are  produced,  either  directly  above  the  weathering  rock 
or  at  some  distance  from  it.  At  some  time  during  weathering,  plants 
and  other  forms  of  life  appear  in  the  rock  material  and  soil  formation 
begins.  The  soil  results  from  the  meeting  and  fusion  of  the  physical 
processes  and  the  biological  processes;  it  is  the  great  bridge  between 
the  inanimate  and  the  living.  Some  of  the  same  reactions  involved 
in  weathering  continue  to  operate,  but  they  are  modified,  and  new  ones 
are  added  by  the  growing  plants,  animals,  and  micro-organisms. 

Trees  send  their  roots  deep  into  the  fine  rock  material  and,  with  the 
other  plants  growing  with  them,  serve  as  partial  protection  from  erosion, 
allowing  loose  rock  material  to  accumulate  over  the  solid  rock  on 
gentle  slopes.  The  roots  of  plants  absorb  nutrients  like  phosphorus, 
calcium,  and  potassium  from  the  whole  mass.  These  pass  into  the 
bodies  of  the  plants  and  into  the  leaves,  where,  under  the  influence  of 
sunlight,  organic  compounds  are  manufactured  from  the  carbon  dioxide 
of  the  air  and  from  the  water  and  other  materials  taken  up  through  the 
roots. 

As  the  trees  grow  they  shed  their  leaves,  and  finally  they  themselves 
die  and  return  to  the  soil.  With  this  return  of  organic  matter,  the 
nutrients  extracted  from  the  whole  soil  are  returned  to  its  surface. 
Nutrients  pass  in  a  continuous  cycle  from  the  soil  to  the  plant  and 
back  again  to  the  soil. 

Bacteria  and  other  micro-organisms  that  feed  on  organic  matter 
are  important  in  this  cycle.  They  cause  the  decomposition  of  the 
organic  matter  and  the  release  of  its  minerals  and  nitrogen  compounds 
in  forms  that  may  be  used  by  other  living  plants  or  leached  into  the 
deeper  strata.  Certain  bacteria  are  able  to  take  the  relatively  inert 
nitrogen  from  the  air  and  build  it  into  their  bodies.  Some  kinds  of 
these  bacteria  live  on  the  roots  of  particular  plants — the  legumes,  such 
as  alfalfa  and  clover.  As  the  bacteria  die,  the  nitrogen  is  released  in 
forms  available  to  plants. 

Where  the  soil  is  acid,  fungi  take  an  important  part  in  decompos- 
ing the  organic  matter,  and  under  the  native  forests  of  temperate  re- 
gions not  enough  bases  (alkaline  substances)  are  brought  to  the  surface 
by  plants  to  keep  the  soil  from  becoming  acid.  The  products  of 
decomposition  by  fungi   are  relatively  more  soluble  than  those  of 
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decomposition  by  bacteria.  Not  nearly  so  much  humus  (partially  de- 
composed and  relatively  stable  organic  matter)  accumulates  as  under 
grass  vegetation,  and  few  legumes  are  found  in  these  forests. 

When  it  rains,  water  enters  the  soil  and  moves  down  by  vapor  move- 
ments, by  capillary  movements,  and  freely  under  the  force  of  gravity 
in  the  open  pore  spaces  and  cracks  (fig.  1).  During  periods  without 
rain,  moisture  moves  upward  by  vapor  and  capillary  movements 
from  the  lower  horizons,  or  layers.  Under  the  forest  in  humid  regions 
some  of  the  soluble  materials  may  be  washed  down  below  the  soil. 
Part  of  the  fine  clay  particles  in  the  acid  surface  layers  become  dis- 
persed or  suspended  in  the  soil  water  and  move  down  during  periods 
of  moistening,  to  be  redeposited  in  a  lower  layer.  Thus  the  layers,  or 
horizons,  developed  within  the  soil  have  very  different  contents  of  fine 
clay  and  consequently  different  physical  properties. 

As  the  result  of  all  these  actions,  chemical,  physical,  and  biological, 
in  time  a  distinct  soil  profile — a  sequence  of  soil  layers,  or  horizons — is 
developed.  This  profile  reflects  the  total  effect  of  all  the  factors  in 
the  environment  and  in  the  history  of  the  soil;  it  is  the  complex  result 
of  the  meeting  and  blending  of  the  physical  and  biological  forces  of  the 
earth.  For  the  particular  case  under  consideration  the  profile  would 
be  about  as  follows: 

Aoo  horizon  (2-3  inches)  .2  A  thin  layer  of  recently  fallen  leaves  and  twigs.  As 
this  material  becomes  moist  it  is  attacked  by  small  animals  and  micro-organisms 
and  passes  into  the  next  horizon. 

A0  horizon  (0-2  inches).  A  mat  of  partially  decomposed  leaves  and  twigs. 
Much  of  this  material  has  lost  its  identity  and  is  being  rapidly  decomposed. 

A,  horizon  (0-3  inches) .  Very  dark  gray  or  very  dark  brown  soil  consisting  of  a 
mixture  of  organic  and  inorganic  materials  with  the  soil  particles  grouped  into 
granular  or  crumblike  aggregates.  This  is  a  layer  of  intense  activity  of  organisms, 
including  bacteria,  fungi,  and  small  animals  such  as  earthworms.  Since  the 
organic  matter  is  decomposing  just  above  it  and  in  it,  the  minerals  being  released 
from  this  material  keep  the  soil  nearly  neutral  or  only  slightly  acid,  while  the  soil 
beneath  is  more  acid. 

A2  horizon  (3-10  inches).  Brownish-gray  soil  with  the  particles  arranged  in 
thin,  faintly  developed  plates,  easily  crushed  into  a  crumblike  mass.  This 
horizon  is  the  lightest  in  color  of  any,  the  lowest  in  clay  content,  and  the  most 
acid.  Part  of  the  fine  clay  has  been  removed  by  the  percolating  soil  water  into 
the  lower  horizon. 

A3  horizon  (10-12  inches).     Transitional  to  the  next  above. 

Bi  horizon  (12-15  inches).     Transitional  to  the  next  below. 

B2  horizon  (15-30  inches).  Brown  soil  with  the  particles  arranged  in  nut-sized, 
angular,  blocky  aggregates  about  K  inch  to  1)4  inches  in  diameter.  On  the  faces 
of  the  little  blocks  can  be  seen  the  recent  deposition  of  the  fine  particles  from  above 
as  a  sort  of  gluelike  coating.  This  horizon  has  the  highest  content  of  clay  of  any, 
and  the  soil  is  quite  hard  when  dry  and  plastic  and  sticky  when  wet.  The  soil  is 
acid  and  leached  of  soluble  materials  but  has  received  clay  from  the  A2  horizon 
above. 

B3  horizon  (30-36  inches).     Transitional. 

C  horizon  (below  36  inches).     Weathered  rock. 

The  horizons  (A  plus  B)  above  the  weathered  rock,  or  parent 
material,  taken  together,  make  up  the  solum,  or  true  soil.  Sometimes 
soil  formation  follows  weathering  so  closely  that  there  is  little  if  any 
loose  material  between  the  soil  and  the  underlying  rock,  but  in  this 
example,  after  a  long  time,  the  solid  rock  may  lie  at  a  depth  of  several 
feet  beneath  the  surface. 

2  The  depth  of  soil  horizons  is  reckoned  from  the  top  of  the  Ai  horizon  in  inches.  Thus  the  Aoo  horizon 
is  1  inch  thick  and  lies  between  2  and  3  inches  above  At,  while  Aj  is  7  inches  thick  and  lies  between  3  and  10 
inches  beneath  Ai. 
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As  such  a  soil  develops,  some  material  is  constantly  lost  through 
normal  erosion — only  a  tiny  bit  in  a  single  year,  but  in  500  years  a 
great  deal.  With  continuous  erosion  and  weathering  the  whole  soil 
slowly  sinks;  new  minerals  constantly  come  into  the  lower  horizons, 
and  old  materials  leave  the  surface.  Finally  a  sort  of  balance  is  ap- 
proached ;  the  losses  from  erosion  and  leaching  balance  the  gains  from 
new  minerals  and  the  activities  of  plants  and  micro-organisms.  Such 
a  soil  is  said  to  be  mature.  If  there  are  any  changes  in  the  environ- 
ment— in  the  climate,  vegetation,  slope,  or  kind  of  parent  rock  in 
lower  strata — the  forces  of  soil  formation  will  be  modified  and  will 
work  toward  the  evolution  of  a  different  soil.  But  until  there  are  such 
changes,  the  soil  remains  the  same.  Some  of  the  processes  involved, 
greatly  simplified,  are  shown  in  figure  1. 

This  brief  description  of  the  formation  of  a  soil  has  dealt  with  a 
Gray-Brown  Podzolic  soil,  which  is  only  moderately  fertile  but  is  re- 
sponsive to  good  management.  Other  combinations  of  factors  result 
in  other  kinds  of  soils,  many  entirely  different  in  every  important 
respect. 

THE  SOIL  DEFINED 

Soil  may  be  defined  as  the  natural  medium  for  the  growth  of  plants. 
It  is  an  essential  part  of  a  place  or  area  on  the  earth,  not  something  de- 
tached or  separated  from  the  other  physical  features.  A  useful  de- 
scription of  a  soil  includes  not  only  the  internal  characteristics  of 
structure,  texture,  color,  content  of  organic  matter,  consistence,  and 
thickness  of  each  horizon  of  the  solum,  but  also  the  geological  sub- 
stratum, slope,  native  vegetation,  and  climate.  In  the  system  of  soil 
classification  used  by  scientists  attention  is  given  to  all  the  character- 
istics, external  and  internal.  Certainly  man  uses  the  soil  in  its  total 
environment. 

Every  type  of  soil  is  characterized  in  four  ways:  (1)  Functionally,  ac- 
cording to  its  productivity  for  plants;  (2)  morphologically,  by  the 
chemical,  physical,  and  biological  characteristics  of  the  several  layers 
or  horizons  that,  taken  together,  make  up  its  profile;  (3)  geograph- 
ically, according  to  the  climate,  vegetation,  relief,  and  other  features 
of  the  landscape  where  it  is  found;  and  (4)  socially,  according  to  the 
patterns  of  human  occupancy  it  can  provide.  Thus,  from  a  social 
point  of  view,  a  productive  soil  must  furnish  compounds  that  contain 
the  necessary  nutritive  elements,  in  proper  form  and  balance,  for  the  nor- 
mal growth  and  composition  of  the  plants  that  man  requires  for  his  own 
growth,  health,  and  reproduction.  Production  of  plants  must  be  pos- 
sible under  such  systems  of  land  management  that  a  satisfactory  labor 
income  will  be  returned  to  the  farmer  over  the  years,  assuming  suitable 
economic  and  social  conditions.  The  fact  that  many  farmers  are  not 
accomplishing  these  objectives  with  the  soil  they  cultivate — either  their 
produce  is  unsatisfactory  in  quality  or  the  production  does  not  return 
a  satisfactory  income  on  a  secure  basis — is  an  added  incentive  to  study 
the  different  types  of  soil  and  attempt  to  understand  them. 

The  soil,  climate,  plants,  and  animals  of  any  place  are  closely 
interrelated.  With  each  broad  climatic  type  are  associated  certain 
plants  and  soils.  Native  tall  grasses  and  dark-colored  soils  are 
associated  with  a  subhumid  temperature  climate,  acid  light-colored 
soils  and  coniferous  forests  with  a  cool  moist  climate,  strongly  leached 
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mib  and  tropical  rain  foreste  .  hot  humid  climates,  and  un- 

leached  light-color  -  k  th  desert  shrubs  in  hot  dry  climates.  The 
distribution  oi  -       -  a    plant  associations,  and  climatic  zones  are 

thus  roughly  parallel.  But  frequently  at  the  fringes  of  climatic  belts 
the  divisions  are  not  sharp:  local  variations  in  rooks,  s  -  and 
geolog  -     niay  g  -  mportant  local  variations  in   -     h 

and  plants  within  any  cliniatk  such  as  those  found  in  swamps, 

alluvial  valleys,  sand* hills,  and  salty  lake  basins. 

THE  CLIMATIC  FACTOR  IN   -"IT  FORMATION 

There  is  a  close  relationship  between  soil  and  climate,  partly  direct 
but  more  largely  indirect.     An  absolute  relationship  cannot  r 
pected.  since  clin:  iy  one  of  five  main  factors  responsible  for 

soil  formation.     These  are    1    climate.  (2)  living  ruati-  neat 

-     4    relief,  a:  _        The  first  two  influence  the  character- 

r  broad  areas,  while  the  oti.  local 

differences — the  difference  -      -tween  neighboring  fields  and 

farm-      S         there  are  also  direct  relationships  between  some  of 

en  climate  and  living  matter  and  between  relief  and 
the  character  of  the  rocks,  it  is  not  Mways       sable  to  know  pre 
the  influe:  individual  factors.     The  indirect  effect  of  climate — 

be  through  th         _        ion.  for  example — is  probabi 
than  its  direct  influene  But  any  natural  soil  is  the  prod- 

uct of  all  these  forces  acting  together.     In  some  soils  the  character 
inherited  from  the  parent  rocks  may  be  very  noticeable,  while   in 
other  places  the  long-time  influence  of  climate  and  vegetation  may  have 
iifferences.  and  very  similar  -      -        -ring  side  by  side 
may  have  developed  from  quite  different  ro«  -  :hese  natural 

:*s  there  is  the  influence  of  ma:  :  the  soil,  which  may  have 

ehang  ther  for  better  or  for 

mate  within  the  the  soil.     The  usual 

climatic  data  are  obtained  from  recording  instruments  placed  on  the 
surface  of  the  ground  or  at  some  distance  abo~  As  the  climate 

enter-  the  s  modified  according  to  soil  con- 

ditio:-     F    st  of  all.  the  climate  is  modified  locally  s       tion. 

-  a  dense  forest,  wind  velocity  is  lower  than  outside,  rain  strikes 
rface  of  the  soil  with  less  force,  and  the  humidity  of  the 
over  the  ground  is  higher  during  rainless  days  than  that  of  air 
barren  soil.     T  giee  of  modification  depends  upon  the  heig 

and  density  of  th-       _        ion  and  the  kind  of  plani-  rTord 

.     :.t  deal  of  protection  but  only  in  a  thin  layer  of  air  just  above  the 
surface.     Even  the  widely  t  are  not  without 

their  modifying  influence  upon  wind,  sunlight,  and  falling  rain  or  s 
Local  variations  in  slope  modify  the  climatic  conditions.     On  steep 
s  more  of  the  rain  runs  off  than  on  gentle  aving  U 

penetrate  the  soil  and  less  for  g  _  - 

sun  during  rmer  parts  of  the  day  the  surface  becomes  warmer 

and  drier.     Near  the  boundary  between  cliniatk  :he  Northern 

sphere,  trees  grow  on  the  north  slopes  and  grasses  on  the  - 

n  the  one  and  desert  shrubs  on  the  other,  or  shrubs 
on  the  north  slopes  and  no  vegetation  on  the  south  sic  -  riven  small 
local  differences  in  relief,  as  in  a  landscape  of  small  mounds  or  shallow 
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pits,  will  modify  the  climatic  conditions  at  the  surface  and  within  the 
soil;  the  mounds  may  be  dry  and  the  small  pits  moist. 

There  is  an  exchange  of  air  between  the  atmosphere  above  the  soil 
and  the  pore  space  within  it.  Changes  in  air  pressure  at  the  surface 
are  recorded  instantly  in  the  lower  horizons,  unless  these  are  frozen 
or  completely  saturated  with  water.  The  great  changes  in  pore  space 
available  for  air  caused  by  water  entering  the  soil  during  rains  and 
its  removal  during  fair  weather  are  even  more  important.  Thus  air  is 
being  pushed  into  the  soil  and  drawn  out  in  a  sort  of  breathing  process. 
Unlike  the  air  above  the  soil,  that  within  all  soils  is  essentially  satu- 
rated with  moisture  except  imder  extremely  dry  conditions — drier 
even  than  the  very  minimum  of  moisture  for  plant  growth.  The  roots 
of  plants,  the  animals,  and  the  micro-organisms  within  the  soil  remove 
oxygen  from  the  soil  air  and  give  to  it  carbon  dioxide.  Other  gases, 
such  as  marsh  gas,  ammonia,  and  hydrogen  sulfide,  sometimes  escape 
into  the  soil  air  from  decomposing  organic  matter. 

The  temperature  conditions  are  greatly  modified  by  the  soil.  One 
of  the  principal  sources  of  heat  coming  to  the  soil  is  direct  radiation 
from  the  sun.  This  is  greater  in  summer,  when  the  rays  strike  the 
soil  directly,  than  in  winter,  when  they  are  slanting.  In  the  United 
States  the  sun  warms  the  south  slopes  more  than  the  north-facing 
slopes.  When  the  soil  is  covered  with  vegetation  many  of  the  rays 
are  intercepted  by  the  plants  and  do  not  reach  the  surface  of  the  soil 
itself.  Bare  soil  in  the  Tropics  that  receives  the  rays  of  the  sun  directly 
day  after  day  may  become  so  hot  as  to  kill  most  forms  of  life  in  the 
surface  horizon.  Temperature  variations  from  season  to  season  de- 
pend upon  cloudiness,  air  temperature,  and  the  relative  position  of 
the  sun  with  reference  to  the  soil  surface.  Generally  the  average  tem- 
perature of  the  surface  soil  is  higher  than  that  of  the  air  above  during 
both  summer  and  winter.  The  daily  fluctuations  of  the  soil  tem- 
perature are  much  less  than  those  of  the  air  temperature  above  and 
lag  behind  them,  especially  in  the  lower  horizons.  That  is,  the 
maximum  temperature  of  the  soil  is  reached  later  in  the  afternoon 
than  the  maximum  temperature  of  the  air,  and  the  minimum  tem- 
perature of  the  soil  is  reached  later  at  night  than  the  minimum 
temperature  of  the  air.  The  daily  variations  are  largely  in  the  surface 
horizons  and  rapidly  fade  out  with  depth,  so  that  below  6  to  20  inches 
the  soil  temperature  does  not  reflect  daily  changes  at  the  surface. 
Even  though  the  soil  may  be  frozen  for  3  to  4  feet  in  depth,  only  the 
very  surface  layer  ordinarily  reaches  temperatures  significantly  below 
the  freezing  point  of  water.  There  is  also  a  lag  in  soil  temperature 
following  seasonal  variations  in  the  average  air  temperatures.  The 
maximum  temperature  of  the  lower  horizons  is  reached  a  long  time 
after  the  average  air  temperature  has  passed  the  seasonal  maximum. 
The  amount  of  these  variations  also  decreases  rapidly  with  depth,  and 
at  a  depth  of  3  to  10  feet  most  soils  are  nearly  constant  in  temperature. 

Although  some  minor  differences  in  the  amount  of  heat  absorbed 
by  soils  are  due  directly  to  the  color  and  conductivity  of  the  soil 
material,  by  far  the  most  important  differences  result  from  variations 
in  moisture  content  and  organic  matter.  In  order  to  change  the 
temperature  of  soil  so  much  heat  is  required  to  change  the  temperature 
of  the  water  in  it  that  other  differences  in  specific  heat  are  relatively 
insignificant.     Thus  porous,  well-drained  soils,  such  as  sandy  soils 
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or  those  with  well-developed  pore  spaces  through  which  water  may 
pass  rapidly,  warm  up  earliest  in  the  spring — that  is,  they  follow 
more  closely  the  changes  in  the  average  air  temperature.  Soils  with 
poorly  developed  structure,  such  as  massive  clays  and  clay  loams,  are 
frequently  so  moist  that  they  warm  very  slowly  in  springtime. 

Since  organic  material  is  a  poor  conductor  of  heat,  the  surface 
layers  of  peats  and  mucks  may  become  very  hot  or  cold  in  comparison 
with  the  layers  underneath.  It  is  not  at  all  uncommon  to  find 
frozen  soil  a  few  inches  beneath  the  surface  in  peat  soils  of  the  north- 
ern Lake  States  during  July.  Also,  when  cold  snaps  come  during 
the  growing  season,  heat  is  not  transferred  to  the  surface  as  rapidly 
as  in  mineral  soils,  so  that  in  the  temperate  regions  tender  plants 
are  much  more  susceptible  to  frost  injury  on  muck  and  peat  soils 
than  on  mineral  soils,  other  conditions  being  similar. 

The  temperature  of  the  rain  falling  on  pervious  soils  also  has  a 
pronounced  influence  on  soil  temperature.  Warm  rains  delay  the 
cooling  of  the  soil  in  the  autumn  and  hasten  its  warming  in  the  spring. 
In  certain  situations  important  soil  movement  or  serious  erosion  may 
follow  the  falling  of  warm  rains  on  frozen  soil.  If  the  lower  horizons 
remain  frozen  and  impermeable  to  water  during  such  rains  the  surface 
horizons  may  become  so  saturated  as  to  cause  the  soil  to  flow 
down  the  slope.  In  the  far  north  this  action  is  very  important, 
especially  among  Tundra  soils  with  ever-frozen  subsoils.  As  soil 
freezes  at  the  surface,  lenses  of  ice  are  formed  as  water  is  drawn 
upward  by  capillary  action.  In  very  fine  sandy  or  silty  soils  with  a 
water  table  near  enough  to  the  surface  for  water  to  be  drawn  to  the 
place  of  ice  formation,  this  action  may  be  sufficient  to  cause  serious 
heaving  of  pavements  or  of  plants,  especially  during  alternate  freez- 
ing and  thawing  weather.  On  slopes  this  freezing  and  thawing  may 
cause  soil  to  move  down  the  slope  and  fall  into  small  streams  or  rivulets 
that  carry  it  away. 

The  direct  effect  of  the  sun's  heat  on  the  surface  of  the  soil  is  greatly 
reduced  by  the  cooling  effect  of  the  evaporation  of  water  from  the 
soil.  Although  the  cooling  influence  of  evaporation,  as  well  as  the 
high  specific  heat  of  water,  delays  the  warming  of  soils  in  the  spring, 
it  protects  the  organisms  in  the  soil  and  tender  plants  on  the  surface 
from  death  or  injury  due  to  very  high  temperatures  during  hot  days 
in  summer. 

The  amount  of  water  that  enters  the  soil  depends  only  in  part  on 
the  climate.  If  the  soil  is  pervious  to  water,  the  total  annual  rainfall 
may  soak  into  the  ground,  as  in  very  sandy  soils  or  those  wtih  large 
pore  spaces  like  many  soils  of  the  Tropics.  Thus  on  extremely 
porous  soils  ■  very  little  water  runs  off,  and  on  extremely  impervious 
soils  very  little  water  enters,  regardless  of  the  slope.  Most  soils 
fall  between  these  two  extremes,  and  the  penetration  of  water  depends 
on  both  the  internal  structure  and  the  slope.  Thus  in  a  region 
having,  say,  30  inches  of  annual  rainfall,  only  a  small  part  may  enter 
some  of  the  relatively  impervious  soils  on  steep  slopes,  which  may  be 
essentially  arid  from  the  point  of  view  of  soil  climate.  Adjacent  soils 
on  gentler  slopes,  besides  drinking  in  the  water  that  falls  on  them 
directly,  may  absorb  some  of  the  water  that  has  run  off  the  steeper 
slopes  and  as  a  result  may  have  a  humid  or  even  wet  soil  climate. 
Thus  soils  developed  from  identical  rock  material  and  lying  side  by 


Climate  and  Soil 


273 


side  may  have  profiles  that  are  quite  different,  especially  in  the  thick- 
ness and  depth  of  the  several  horizons.  This  is  because  the  more 
humid  soil  climate  on  gentler  slopes  results  in  more  luxuriant  vege- 
tation and  greater  intensity  of  the  soil-forming  processes  than  occur 
on  the  steeper  slopes,  where  the  soil  climate  is  less  humid. 

The  amount  and  distribution  of  the  water  in  the  soil  influences 
every  phase  of  soil  formation  as  well  as  the  relationships  between  the 
soil  and  growing  plants.  If  soils  containing  considerable  clay  are 
alternately  dry  and  very  moist,  the  swelling  and  shrinking  of  the  clay 
leads  to  the  development  of  particular  structural  forms.  Many  of 
the  soils  of  the  semiarid  regions,  for  example,  are  characterized  by 
prismatic  structure.  In  this  type  of  structure  the  soil  particles  are 
arranged  in  vertical  prisms,  usually  roughly  six-sided.  When  the 
soil  is  very  wet  these  prisms  can  scarcely  be  seen,  but  when  it  is  dry 
they  stand  out  prominently.  Their  size  and  the  width  of  the  struc- 
tural cracks,  or  cavities,  between  them  depend  upon  the  amount  and 
nature  of  the  clay  and  the  other  factors  of  the  environment. 

The  wetting  of  the  soil  during  rains  is  rarely  uniform.  A  shower 
moistens  the  surface  first,  then  the  water  moves  downward  until 
some  time  after  the  rain  has  ceased.  The  surface  may  begin  to  dry 
out  before  the  water  has  ceased  moving  down  into  the  lower  horizons. 
Only  by  rains  of  long  duration  can  the  soil  be  said  to  be  uniformly 
moistened.  In  most  parts  of  the  country  in  only  a  small  percentage 
of  the  showers  does  it  rain  long  enough  to  moisten  the  soil  sufficiently 
to  start  percolation  into  the  rocks  beneath.     Especially  in  the  drier 
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Figure  2. — Four  soil  profiles.     The  locations  of  the  Podzol  and  Chernozem   soils  are 
shown   on    the   map,  figure  3.       The   Half-Bog   soils   are    found   in    small    areas  asso- 
ciated   with    the    podzolic  soils   of  the   humid    region.      The   solodized-Solonetz   soils 
are  found  in  the  semiarid  regions  in  small  areas  that  were  once  salty. 
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regions  the  horizons  at  some  depth  beneath  the  surface — the  B  hori- 
zons (fies.  1  and  2) — are  ordinarily  more  moist  for  more  of  the  time 
than  the  surface  horizons  above  or  the  parent  material  beneath. 
Thus  what  is  called  soil  climate  varies  among  different  horizons  of 
the  same  soil  as  well  as  among  different  soils  in  the  same  climatic 
region.  .  .     . 

Perhaps  enough  has  been  said  to  emphasize  the  intimate  relation- 
ship between  soil  conditions  and  climatic  conditions.  It  is  convenient 
to  think  of  the  soil  as  the  meeting  place  of  the  strictly  physical  pro- 
cesses and  the  biological  processes.  It  is  also  the  meeting  place  of 
the  underlying  rocks  and  the  atmosphere. 

FORMATION  OF  THE  PRINCIPAL  TYPES  OF  SOILS  3 

Climate  and  vegetation  as  they  impinge  upon  the  parent  rock  may 
be  regarded  as  the  active  forces  in  soil  formation.  They  are  condi- 
tioned by  slope  and  act  over  a  period  of  time.  The  chief  components 
of  climate — rainfall,  temperature,  and  humidity — influence  the 
amounts  of  various  chemical  elements  and  compounds  in  the  soil. 
In  humid  regions  where  there  is  a  large  excess  of  rainfall  over  evapora- 
tion, leaching  takes  place,  and  the  more  soluble  constituents  are  lost 
from  the  soil.  In  subhumid  climates,  as  in  the  eastern  Dakotas. 
there  may  be  sufficient  leaching  to  remove  from  well-drained  soils 
the  more  soluble  compounds,  such  as  sodium  chloride  (common  salt) 
but  not  enough  to  remove  completely  the  less  soluble  salts  such  as 
calcium  carbonate  (lime),  and  these  may  accumulate  just  beneath 
the  true  soil  to  form  a  "lime  zone,"  or  carbonate  horizon  (figs.  1  and 
2).  In  semiarid  and  desert  regions  there  is  little  leaching.  In  the 
subhumid  and  drier  climatic  regions  the  soluble  salts  leached  from  the 
upland  soils  often  accumulate  in  the  low  places  and  produce  salty  or 
saline  soils.  Such  a  concentration  of  salts  in  low-lying  soils  frequently 
follows  irrigation  and  plagues  the  farmer.  In  poorly  drained  places, 
peat  or  Bog  soils  develop  in  humid  regions,  while  accumulations  of 
salts  and  saline  soils  are  found  in  the  arid  regions. 

In  order  to  illustrate  the  different  types  of  soil  formation  associated 
with  different  climatic  and  vegetative  conditions,  the  formation  of  a 
few  of  the  imnortant  groups  of  soils  (fig.  3)  will  be  explained  briefly.4 
These  great  groups  of  soils  may  be  placed  in  three  classes  in  accordance 
with  their  geographic  characteristics: 

(1)  The  zonal  soils.  These  have  well-developed  soil  characteristics  that 
reflect  the  influence  of  climate  and  living  matter.  These  soils  are  found  on  the 
undulating  or  gently  sloping  uplands  with  good  drainage  and  are  developed  from 
any  parent  materials  not  of  extreme  texture  :that  is,  neither  very  loose  sands  nor 
very  heavy  elays^  or  of  extremely  unbalanced  chemical  composition.  Some- 
times they  are  referred  to  as  the  "continental  soils,"  since  they  are  the  dominant 
soils  over  large  areas  in  many  parts  of  the  world. 

-  The  intrazonal  soils.  These  have  more  or  less  well  developed  soil  char- 
acteristic? that  reflect  the  dominating  influence  of  some  local  factor  of  relief  or 
parent  material  over  the  normal  effects  of  the  climate  and  vegetation.     Usually 

1  Since  soil  formation,  soil  classification,  sofl  geography,  soil  depletion,  and  similar  topics  are  dealt  with  in 
considerable  detail  in  the  Yearbook  of  Agriculture  for  1938.  Soils  and  Men.  only  a  general  treatment  will  be 
given  here — just  enough  to  bring  out  some  of  the  more  important  relationships  between  these  processes  and 
climate.  The  reader  interested  in  more  detail  regarding  the  soils  of  the  United  States  and  their  formation 
and  use  should  consult  the  1938  volume. 

4  The  distribution  of  the  great  soil  groups  in  the  United  States  is  shown  in  figure  3.  For  descriptions  of 
all  of  them  the  reader  is  referred  to  Soils  and  Men. 
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such  soils  are  found  intermingled  in  small  areas  with  those  of  two  or  more  zonal 
groups,  although  such  a  condition  as  poor  drainage  may  prevail  over  a  wide  area. 

(3)   The  azonal  soils.     These  are  without   well-developed  soil  characte 
owing  to  their  extreme  youth  or  to  conditions  of  parent  material  or  slope  that 

r  normal  soil  formation.     Such  soils  are  found  on  steep  rocky  sloi we 
fresh  alluvial  deposits,  and  on  formations  of  loose,  nearly  pure  sand. 

Zonal  Soils 

Of  the  zonal  groups,  the  Podzol,  Chernozem,  Laterite,  and  Desert  soils  illus- 
trate the  main  types  of  soil  formation,  and  other  zonal  groups  are  more  or  less 
intermediate  in  their  characteristics. 

The  Podzol  soils  are  developed  in  a  cool,  moist  climate  under  coniferous  or 
mixed  coniferous  and  hardwood  forests,  as  in  the  northern  Lake  S  rthern 

New  England,  and  some  of  the  high  mountains.  They  are  also  found  in  northern 
Europe  and  Asia.  In  the  evergreen  forest  the  ground  is  well-shaded,  and  the 
trees  are  shallow-rooted.  The  needles  are  highly  resinous  and  decompose  slowly. 
There  is  a  minimum  of  small  flowering  plants.  The  forest  trees,  especially  the 
pines  and  spruces,  feed  relatively  lightly  on  bases  and  return  less  of  these  to  the 
surface  to  counteract  the  leaching  influence  of  the  rainfall  than  do  the  gi 
under  the  forest  the  soil  becomes  acid,  and  decomposition  of  the  organic  matter  is 
accomplished  more  by  fungi  and  less  by  bacteria  than  in  grassland  areas.  The 
relatively  soluble  products  of  this  decomposition  are  leached  down  in  the  soil  and 
rapidly  reduced  to  water  and  carbon  dioxide.  There  is  only  a  little  humus  as 
compared  with  the  abundant  amount  in  the  soils  of  the  grasslands.  The  surface 
layers  become  gray  and  are  strongly  leached  of  both  organic  matter  and  plant 
vhile  in  the  subsoil  some  of  the  clay  and  other  relatively  insoluble 
materials  accumulate  ifig.  2). 

This  process  is  called  podzolization,  and  with  modifications  it  is  important  in 
the  development  of  all  zonal  soils  of  the  humid  regions.  Under  the  hardwood 
forests  farther  south,  bases  are  returned  to  the  soil  more  rapidly  by  the  vegeta- 
tion— both  the  trees  and  the  associated  plants — and  more  humus  is  formed.  In 
the  soil  region  a  little  south  of  the  Podzols  are  the  Gray-Brown  Podzolic  soils  like 
the  example  described  at  the  beginning  of  this  article. 

:te  soils  are  less  well  understood,  and  there  are  many  varieties.  They 
are  developed  in  humid  or  wet  hot  climates,  under  the  tropical  rain  forest.  Here 
weathering  and  all  chemical  and  biological  processes  are  intense.  The  nutrients 
circulate  very  rapidly  from  soil  to  plant  and  back  to  the  soil  again.  Two  principal 
processes  may  be  involved.  One  is  laterization,  perhaps  more  strictly  a  pr 
weathering  than  of  soil  formation.  The  bases  and  silica  are  leached  out  of  the 
original  rock  material,  leaving  it  very  rich  in  aluminum  and  iron.  The  material 
is  usually  red  in  color  and  very  pervious  to  water.  Under  conditions  of  restricted 
drainage,  streaked  and  mottled  material  develops  which  hardens  upon  ex 
to  the  air.  In  India  and  elsewhere  bricks  and  building  stones,  even  statues, 
have  been  made  of  it.  The  name  "laterite"  was  originally  given  to  this  material, 
but  it  is  now  applied  more  generally  to  a  broad  group  of  red  tropical  soils,  and  the 
soils  with  crusts  or  hardened  material  are  called  Ground- Water  Laterites.  After 
this  process  of  intense  weathering  has  gone  on  until  the  soil  becomes  acid  and  low 
in  bases,  podzolization,  with  the  formation  of  leached  layers  underlain  by  horizons 
of  accumulated  clay,  may  go  forward.  In  between  the  regions  occupied  by  Laterite 
and  Podzol  soils  are  other  soils,  such  as  the  Red  Podzolic  soils  of  the  southern 
United  States,  influenced  by  both  processes. 

The  Chernozem  soils  are  developed  in  temperate  subhumid  regions  under  tall- 
grass  vegetation.  The  grasses  are  heavy  feeders  on  bases  and  return  them  to  the 
surface  fast  enough  to  prevent  the  soil  from  becoming  acid  under  the  compara- 
tively low  rainfall.  Large  amounts  of  humus  accumulate,  and  the  soils  are  nearly 
black  in  color  for  1  to  3  feet  in  depth.  Since  there  is  little  movement  of  insoluble 
material,  except  as  surface  soil  material  falls  into  cracks,  there  is  little  difference  in 
clay  content  between  {the  different  layers  of  the  soil  profile,  whereas  in  podzolized 
soils  the  surface  layers  have  less  clay  than  the  subsoils.  In  the  Chernozem  the 
soil  particles  are  grouped  into  granular  or  crumblike  aggregates  and  provide  an 
excellent  structure  for  crop  plants.  There  is  sufficient  leaching  to  remove  the 
table  salts  but  not  enough  to  remove  the  calcium  and  magnesium  carbonates 
completely.  These  accumulate  in  the  lower  part  of  the  true  soil,  or  just  beneath 
it,  in  what  is  called  a  lime  zone  or  carbonate  horizon.  Beneath  this  horizon  there 
is  frequently  a  layer  of  accumulation  of  the  slightly  more  soluble  calcium  sulfate  or 
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The  areas  of  each  great  soil  group  shewn 
on  the  map  include  areas  of  other  groups  too 
small  to  be  shown  separately  Especially  are 
mere  small  areas  of  the  azonal  and  mtrazonal 
groups  included  in  the  areas  of  zonal  groups 


Great  groups  of  sals  with  more  or  less  well-developed  soil  characteristics 
reflecting  the  dominating  influence  of  some  local  fader  of  rekef,  parent 
material,  or  age  over  the  normal  effect  of  climate  and  vegetation.  (Many 
areas  of  these  soils  are  included  with  zonal  groups  on  me  map) 

PLANOSOLS 

B3S&9  So,ls  Wl,h  s,ron8'y  'eacted  surface  horizons  ever  daypans  on 

BsrftStS  neaty  flat  land  m  cool  to  warm,  humid  to  subhumid  regions, 

KOVOSoS  under  grass  or  forest  vegetation. 

RENDZINA  SOILS 

1  Dark  grayish- brown  to  black  sals  developed  from  soft  limy 
materials  in  cool  to  warm,  humid  to  subhumid  regions,  mostly 
I  under  grass  vegetation. 

SOLONCHAK(I)  AND    SOLONETZ  (2)  SOILS 

(1)  Light-colored  soils  with  high  concentration  of  soluble 

salts,  in  subhumid  to  arid  regions,  under  salt-loving  pjants. 
If2)  Dark-colored  sols  with  hard  prismatic  subsoils, usually 

strongly  alkaline,  m  subhumid  or  semiand  regions  under 

grass  or  shrub  vegetation. 
WIESENBODEN  (I).  GROUND  WATER  PODZOL(2). 
AND  HALF-BOG  SOILS  (3) 

H(0  Dark-brown  to  black  soils  developed  with  poor  drainage 
under  grasses  m  humid  and  subhumid  regions. 
(2)  Gray  sandy  soils  with  brown  cemented  sandy  sjbsols 
developed  under  forests  from  nearly  level  imperfectly 
drained  sand  in  humid  regions. 

<3)  Poorly  drained,  shallow,  dark  peaty  or  mucky  soils  underlain 
by  gray  mineral  sol.  m  humid  regions,  under  swamp-'orests. 
BOG   SOILS 

■I  Rxyly  drained  dark  peal  or  muck  sols  underlain  by  peal. 

■  mostly  m  humid  regions,  under  swamp  or  marsh  types  oi 

■  vegetation. 


AZONAL 

Sols  without  well-developed  sol  characteristics. (Many  areas 
of  these  sols  are  included  with  other  groups  on  the  map.) 

LITHOSOLS   AND  SHALLOW    SOILS 
(ARID- SUBHUMID) 


(humid) 


Shallow  sols  consoling  largely  of  an  imperfectly 
weathered  mass  of  rock  fragments,  largely  but 
not  exclusively  on  steep  slopes. 


SANDS  (DRY) 

Very  sandy  sols. 


ALLUVIAL    SOILS 

I  Sols  developing  from  recently  deposited  alluvium 
ihat  have  had  little  or  no  modification  by  pro- 
cesses of  sol  formation. 

CEK 


soil  groups  of  the  Uniled  Stales. 
208737°— 41 19 
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Figure  4. — Broad  associations  of  great  soil  groups.  Each  of  the  associations  includes 
many  soils.  In  a  sense  these  regions  may  he  thought  of  as  broad  rural  cultural 
areas  with  more  or  less  distinct,  broadlv  denned  type's  of  farming  and  rural  com- 
munity organization  growing  out  of  the  character,  proportion,  and  pattern  of  the 
soils  that  compose  them,  considering  soil  in  its  broadest  sense  as  a  synthetic  ex- 
pression of  all  the  environmental  factors — parent  rock,  relief,  climate,  and  yegetation. 
These  regions  are  described  briefly,  and  the  names  of  the  broad  units  included  are 
giyen  in  parentheses.      (For  detailed  descriptions  see  Soils  and  Men.) 

1.  Light-colored  leached  soils  of  the  northern  forested  regions  with  included  swamps 
and  stony  soils.  (Mostly  Podzols  with  associated  Lithosols.  Bog.  and  Half-Bog 
soils.) 

2.  Leached  soils  of  the  high  mountains  with  thin  soils  on  the  slopes  and  areas  of 
yarious  soils  in  the  adjacent  valleys.  (Various  podzolic  soils,  some  Alpine  Meadow, 
much  Lithosol.  and  small  irregular  areas  of  Brown.  Chestnut.  Chernozem,  and 
Prairie  soils.) 

3.  Grayish-brown  and  brown  leached  soils  of  temperate  forested  regions,  with  some 
poorly  drained  soils  and.  especially  in  the  southwestern  portion,  soils  with  claypans. 
(Mostly  Gray-Brown  Podzolic  with  Brown  Podzolic  soils  in  the  eastern  part. 
Planosols.  especially  in  the  southwestern  part,  and  Wiesenboden.  Bog.  Half-Bog. 
and  Alluvial  soils.) 

4.  Red  and  yellow  leached  soils  of  the  warm -temperate  forested  regions  with  poorly 
drained  soils  of  the  Coastal  Plains  and  alluvial  soils  of  the  lower  Mississippi  Valley. 
(Mostly  Red  and  Yellow  Podzolic  soils  with  Ground-Water  Podzol.  especially 
in  the  southeastern  part.  Bog.  Half-Bog.  Alluvial  soils,  and  some  Rendzina  and 

senboden.) 

5.  Red  and  grayish-brown  leached  soils  of  the  northwest  forested  region  with  much 
hilly  <>r  stony  soil  and  some  alluvial  soils.  (Red  and  Grav-Brown  Podzolic  soils. 
and  Lithosols.  with  some  Planosols.  Alluvial  soils,  and  other  soils.) 
Dark-colored  soils  of  relatively  humid,  temperate  grasslands  with  some  nearly 
black,  poorly  drained  soils  and  some  light-colored  soils  on  steep  slopes.  (Mostly 
Prairie  Boils,  with  some  Wiesenboden.  Planosols.  Grav-Brown  Podzolic.  and  Alluv- 
ial x>iU. 

Dark  reddish-brown  soils  of  relatively  humid  warm -temperate  grasslands  with 
nearly  level  black  soils  on  marls  and  spots  of  light-colored  leached  soils.  (Reddish- 
Prairie.  Rendzina.  and  Yellow  Podzolic  soils,  with  some  Alluvial  soils  and  Wiesen- 
boden.) 

Dark-colored  >.»il-  ,,f  subhunrid  temperate  grasslands.      Mostly  Chernozems.) 
Dark    reddish-brown    soils    of   -ubhumid    warm-temperate    grasslands    with    some 
hilh     soils.        Mostly     Reddish-Chestnut    soils    with    some'  Lithosol.)      (Legend 
coni\uue>l  a:  ^te  page.) 


u. 


Climate  and  Soil     •     279 

gypsum.  All  of  the  zonal  soils  of  the  semiarid  and  arid  regions  have  such  a  layer  of 
carbonate  accumulation.  One  of  the  most  significant  differences  between  the 
Chernozem  soils  of  eastern  North  Dakota,  South  Dakota,  and  Nebraska  and  the 
Prairie  soils  of  Iowa  and  Illinois  is  that  the  Prairie  soils  have  no  horizon  of  accum- 
ulated carbonates. 

The  Desert  soils  are  developed  in  arid  regions  under  a  scanty  vegetation.  They 
are  light-colored  and  are  unleached  except  in  the  uppermost  part.  Because  of  the 
scanty  vegetation  and  extremely  variable  precipitation,  run-off  and  erosion  are 
great."  In  humid  regions,  where  there  is  a  protective  cover  of  vegetation,  hills  are 
rounded  and  slopes  are  curved,  whereas  the  desert  landscape  is  characterized  by 
sharp  angles  and  an  abundance  of  erosion  features.  Large  areas  are  swept  by  the 
wind,  and  the  finer  particles  are  removed  until  a  layer  of  protecting  pebbles  and 
stones,  called  the  desert  pavement,  has  accumulated  on  the  surface.  When  the 
soil  is  barren  of  vegetation,  a  surface  crust  relatively  impermeable  to  water  com- 
monly forms.  Only  the  water  from  long  gentle  rains  sinks  into  such  soil.  Else- 
where in  the  desert  are  large  areas  of  shifting  or  partially  stabilized  sand  dunes. 
There  is,  therefore,  a  great  variation  in  the  physical  characteristics  of  Desert  soils. 
Those  developed  on  smooth  alluvial  fans  and  along  broad  stream  valleys  are  fre- 
quently suitable  for  farming  under  irrigation  if  water  can  be  supplied  and  if  natural 
drainage  conditions  are  favorable  or  proper  drainage  is  supplied  artificially. 

The  other  great  soil  groups  shown  in  figures  3  and  4  are  more  or  less  transitional, 
with  regard  to  their  formation,  between  these  four  principal  groups — Chernozem, 
Podzol,  Laterite,  and  Desert  soils. 

Intrazonal  Soils 

The  soils  of  the  intrazonal  groups  reflect  the  influence  of  some  local  factor  of 
relief  or  parent  material  as  well  as  that  of  climate  and  vegetation.  In  the  humid 
regions  the  Bog  soils  occur  in  very  poorly  drained  areas  in  which  the  remains  of 
plants  decompose  so  slowly  that  thick  deposits  of  them  accumulate.  With  less 
poor  drainage  the  Half-Bog  soils  develop  under  a  forest  vegetation,  and  the 
Wiesenboden  (meadow  soils)  under  a  grass  vegetation.  In  the  arid  regions  salts 
accumulate  in  the  poorly  drained  places,  giving  rise  to  saline  soils  (Solonchak) 
and  alkali  soils  (Solonetz). 

In  the  humid  and  subhumid  regions,  areas  of  soils  of  medium  to  heavy  texture 
have  developed  on  such  smooth  relief  that  there  is  little  or  no  erosion  under  natural 
conditions.  In  such  instances  the  acid  leached  material  accumulates  in  the  sur- 
face horizon,  and  a  hardpan  or  claypan  develops  beneath  it.  In  normal  soils,  on 
the  other  hand,  as  the  surface  soil  is  gradually  removed  by  erosion  the  profile 
gradually  sinks  into  the  parent  material,  and  in  this  way  new,  fresh  minerals  are 
incorporated  into  the  soil  from  beneath.  The  soils  developed  on  smooth  relief 
and  having  a  claypan  or  siltpan  are  called  Planosols.  Although  during  their  pre- 
vious history  erosion  was  too  little  for  the  formation  of  a  productive  soil,  any 
accelerated  erosion  after  clearing  is  very  serious,  because  it  exposes  at  the  surface 
the  claypan,  from  which  a  suitable  surface  soil  for  cultivated  plants  cannot  be 
developed  by  tillage  operations. 

10.  Dark -colored  to  light-brown  soils  of  the  California  valley  and  coastal  mountains- 
(Chernozem,  Prairie,  Chestnut,  Reddish-Chestnut,  Desert,  and  Alluvial  soils, 
Lithosols,  Planosols,  etc.) 

11.  Dark-colored  to  light-brown  soils  of  the  Northwest  (Palouse)  region.  (Cherno- 
zem, Prairie,  Chestnut,  and  Brown  soils,  with  some  Lilhosol.) 

12.  Brown  to  dark -brown  soils  of  the  semiarid  grasslands  with  some  hilly  soils,  sandy 
soils,  and  badlands.  (Mostly  Chestnut  and  Brown  soils,  with  some  Lithosol, 
Dry  Sands,  and  other  soils.) 

13.  Grayish  soils  of  the  arid  West  (and  Northwest)  with  soils  of  arid  and  semiarid 
mountains  and  mountain  slopes.  (Mostly  Sierozem  or  Gray  Desert  soils,  with 
much   Lithosol  and  some  Brown,  Chestnut,  ami  Alluvial  soils.) 

14.  Grayish  soils  of  the  arid  and  semiarid  intermounlain  plateaus  and  valleys.  (Mostly 
Sierozem  or  Gray  Desert  soils  and  Brown  soils,  with  some  Lilhosol  and  other  soils.) 

15.  Reddish  soils  of  the  semiarid  to  arid  Southwest.  (Red  Desert,  Reddish-Brown, 
and  Noncalcic  Brown  soils,  with  much  Lithosol.) 

16.  Brown  to  reddish-brown  soils  of  semiarid  southwestern  high  mountain  plateaus 
and  valleys.  (Mostly  Brown  and  Chestnut  soils,  with  much  Lithosol  and  some 
Desert  and  other  soils.) 
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In  some  places  soil  is  developed  from  soft  limestone  or  rocks  very  rich  incalcium 
carbonate.  Under  such  conditions  the  soil  cannot  become  acid,  and  grasses  form 
the  dominant  vegetation  even  in  humid  regions.  In  the  United  States  such  black 
soils,  called  Rendzina  soils,  developed  from  soft  calcareous  marl  or  chalk,  are 
found  in  Alabama  and  Texas. 

Azonal  Soils 

Azonal  soils  have  no  well-developed  soil  characteristics,  largely  because  of  the 
extreme  vouth  of  the  parent  material.  They  may  be  found  in  any  climatic 
region.  6f  greatest  extent  are  the  Lithosols,  very  shallow  soils  consisting  largely 
of  an  imperfectly  weathered  mass  of  fine  or  coarse  rock  fragments.  These  are 
found  especially  on  steep  slopes  where  little  or  no  true  parent  material  for  soil 
has  accumulated,  and  their  characteristics  are  essentially  those  of  the  nearly 
barren  rock.  Of  great  importance  agriculturally  are  the  Alluvial  soils,  those 
developing  from  very  recently  deposited  alluvium  that  has  been  modified  little  or 
not  at  all  by  processes  of  soil  formation.  Such  soils  are  confined  to  recent  or 
actively  growing  deltas  or  flood  plains  along  streams.  As  soon  as  these  soils 
acquire  well-developed  soil  characteristics  they  are  grouped  with  the  appropriate 
great  soil  group.  Thus  a  great  many  different  soils,  entirely  unlike,  may  be 
developed  from  similar  alluvium,  depending  upon  the  other  factors  of  soil  forma- 
tion, especially  the  vegetation  and  climate.  Soils  developed  from  well-drained 
deposits  of  nearly  pure  sand  are  also  included  with  the  azonal  group  as  Dry  Sands 
because  of  the  similarity  of  their  character  wherever  they  are  found. 

These  several  groups  of  soils  in  continental  United  States  have  been  grouped 
further  into  broad  associations  in  accordance  with  their  characteristics  and  their 
relationships  to  one  another  (fig.  4). 

SOIL  FERTILITY  AND  PRODUCTIVITY 

When  man  undertakes  to  use  the  soils  built  up  through  the  long 
years  of  formation,  he  introduces  changes,  sometimes  drastic  ones, 
into  the  natural  environment.  Soils  react  differently  to  these  changes. 
Furthermore,  production  from  soil,  in  an  economic  or  social  sense  at 
least,  requires  husbandly  or  management.  The  management  prac- 
tices may  be  very  simple,  such  as  building  drift  fences  for  range  cattle; 
or  they  may  be  very  complex  and  include  tillage,  green  manuring, 
fertilization,  drainage,  and  irrigation.  If  a  soil  is  said  to  be  highly 
productive  for  some  crop,  say  corn,  it  is  implied  that  a  high  yield  of 
corn  can  be  obtained  in  relation  to  the  labor  required  or  to  the  cost 
of  production.  Some  soils  may  give  relatively  high  yields  of  corn  if 
the  land  is  simply  cleared  of  the  native  vegetation,  plowed,  and  seeded. 
Others  that  do  not  give  good  yields  under  this  treatment  may  be  re- 
sponsive to  a  management  practice  that  includes  the  use  of  fertilizers 
and  rotations  with  legumes.  Thus  soil  productivity  may  be  most 
clearly  conceived  as  being  a  response  to  management.  Yields  alone 
are  inadequate  guides  to  soil  productivity — the  management  under 
which  the  yields  are  obtainable  must  be  known  as  well.  Further- 
more, the  term  "soil"  in  this  sense  must  include  the  whole  physical 
environment— all  the  characteristics  of  the  soil  itself,  including  depth, 
acidity,  content  of  nutrients,  slope,  texture,  degree  of  erosion  if  any, 
and  so  on.  plus  the  climate.  Not  only  the  average  rainfall  and  tem- 
perature during  the  various  seasons  must  be  considered,  but  also  the 
frequency  and  severity  of  droughts  and  off-season  frosts. 

Soil  fertility  is  included  in  the  concept  of  soil  productivity  but  refers 
only  to  the  content,  balance,  and  availability  of  chemical  compounds 
in  the  soil  that  influence  plant  growth.  As  with  productivity,  how- 
ever, reference  must  be  made  to  some  particular  plant  or  group  of 
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plants.  Soils  fertile  for  strawberries — that  is,  well  supplied  with  the 
proper  nutrients  and  with  no  toxic  substances — may  not  be  fertile  for 
alfalfa.  Furthermore,  soils  may  be  fertile  for  crops  but  unproductive 
because  of  poor  internal  physical  conditions  that  prevent  normal  root 
growth,  slopes  too  steep  for  the  use  of  machinery,  or  too  many  seasons 
with  unfavorable  climatic  conditions.  Thus  fertile  soils  are  not  always 
productive,  and  productive  soils  are  not  always  fertile  naturally. 
Some  of  the  most  productive  soils  in  this  country,  in  an  economic  and 
social  sense,  are  the  loams  and  sandy  loams  of  the  eastern  parts  of 
the  country  developed  originally  under  a  forest  cover  in  a  humid 
climate.  These  soils  are  not  naturally  fertile  for  most  crop  plants. 
They  have  been  thoroughly  leached  and  have  a  low  content  of  plant 
nutrients,  but  because  of  their  good  structure  and  the  dependable 
climate  they  respond  well  to  careful  management.  With  proper 
fertilization,  liming,  drainage,  and  carefully  planned  crop  rotations, 
they  produce  bountifully:  they  are  productive.  In  the  same  region 
other  soils  on  steep  slopes  underlain  by  limestone  or  weathered  granite. 
for  example,  may  be  more  fertile  naturally  because,  through  a  greater 
degree  of  natural  erosion,  they  are  kept  supplied  with  relatively  fresh 
minerals,  but  they  are  less  productive  for  crops. 

Factors  in  Plant  Growth 

For  normal  plant  growth  several  factors  must  be  reasonably  well 
adjusted  to  the  needs  of  the  plant.  It  is  not  always  possible  to  de- 
termine the  influence  of  any  single  factor,  since  the  plant  grows  in 
response  to  all  of  them  combined.  Nature  must  make  a  great  many 
right  combinations  to  get  even  a  mediocre  corn  plant.  All  of  the 
factors  are  directly  or  indirectly  influenced  by  climate,  and  the  soil 
conditions  may  modify  or  be  modified  by  seasonal  climatic  conditions. 
These  factors  influencing  the  growth  of  plants  may  be  grouped  under 
(1)  temperature,  (2)  water  supply,  (3)  air  supply,  (4)  nutrient  supply, 
(5)  depth  and  stability  of  substratum,  and  (6)  injurious  influences 
such  as  diseases,  insects,  and  toxic  substances. 

The  temperature  is  determined  by  climatic  conditions  and  soil 
temperature.  How  local  soil  conditions  modify  the  temperature 
within  the  soil  has  already  been  discussed.  Local  variations  in  relief 
and  in  drainage  may  have  the  effect  of  raising  or  reducing  the  tem- 
perature in  the  neighborhood  of  the  plant.  Similar  soils  sometimes 
have  slight  differences  in  "frostiness"  that  are  important  to  tender 
plants. 

The  water  available  to  plants  depends  upon  the  precipitation  (ex- 
cept as  supplemented  by  irrigation)  and  the  water-retaining  capacity 
of  the  soil.  The  ideal  soil  for  crop  plants,  from  the  point  of  view  of 
water  supply,  is  one  that  takes  in  the  water  that  falls,  allows  the 
excess  to  drain  away,  and  holds  enough  for  plants  between  periods  of 
moistening.  Certain  heavy  clay  soils  hold  water  so  tenaciously  that 
plants  are  unable  to  get  much  of  it,  and  very  sandy  soils  allow  too 
much  to  drain  away.  In  the  humid  regions  the  very  sandy  soils  are 
the  most  droughty;  but  under  arid  conditions  these  soils  may  be  the 
least  droughty,  since  they  allow  the  water  that  falls  to  penetrate  and 
they  readily  give  water  hack  to  the  plants.  In  very  dry  or  very  wet 
years  the  sandy  soils  have  the  advantage,  while  in  "normal"  years 
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the  soils  of  medium  texture — loams,  silt  loams,  and  clay  loams — have 
the  advantage. 

The  supply  of  air  to  plant  roots  depends  upon  the  structure  of  the 
soil  and  especially  its  drainage — factors  only  indirectly  related  to 
climate. 

The  nutrient  supply  is  determined  directly  by  the  soil  conditions, 
but  these  in  turn  are  partly  a  result  of  leaching  and  of  other  processes 
related  to  climate.  The  nutrient  supply  depends  also  upon  the  plants 
that  have  been  growing  in  the  soil. 

The  rate  of  evaporation  and  the  infiltration  of  water  are  influenced 
by  plant  cover,  slope,  and  internal  soil  conditions.  Thus  there  is  a 
very  intimate  relationship  between  vegetation  and  climate,  vegetation 
and  soil,  and  climate  and  soil.  The  growth  of  plants  is  vitally  affected 
by  the  nature  of  the  environment,  and  at  the  same  time  the  plants 
themselves  do  much  to  condition  or  modify  this  environment. 

Soil  Exhaustion  and  Renewal 

People  once  thought  that  the  fertility  of  a  soil  could  be  expressed 
according  to  a  simple  balance  sheet.  If  the  amounts  of  the  several 
elements  removed  by  various  crops  were  known  and  the  content  of 
those  elements  in  the  soil  was  determined  through  chemical  analysis, 
they  believed  a  simple  calculation  would  indicate  the  duration  of  soil 
fertility  under  any  system  of  management.  Unfortunately  such  a 
simple  concept  is  not  even  approximately  true,  for  many  reasons. 
(1)  The  soil  is  not  a  statie  thing  like  a  storage  bin.  Each  year  some 
elements  are  being  lost  through  leaching  and  erosion,  and  new  min- 
erals are  being  added,  either  to  the  top  of  the  soil  by  the  action  of  wind 
or  water,  or  to  the  bottom  as  the  rock  beneath  becomes  soil.  (2) 
Within  the  soil  itself  minerals  slowly  come  into  solution  at  entirely 
different  rates.  Soils  with  the  same  total  amounts  of  potassium  or 
phosphorus,  let  us  say,  vary  greatly  as  to  the  amounts  of  these  nu- 
trients available  to  different  plants.  (3)  When  fertilizers  are  added 
to  different  soils  the  degree  to  which  they  are  held  by  the  soil  varies 
greatly.  In  some  instances  they  are  held  so  loosely  they  may  be 
leached  easily;  in  other  instances  large  proportions  are  "fixed"  so 
tightly  as  to  be  unavailable  to  plants.  (4)  Some  plants  are  shallow- 
rooted;  others  are  deep-rooted;  some  are  strong  feeders — that  is,  they 
can  get  nutrient  elements  from  relatively  insoluble  minerals;  others 
are  weak  feeders;  some  (the  legumes)  harbor  nitrogen-fixing  bacteria; 
others  do  not.  (5)  The  influence  of  any  one  factor  in  plant  growth, 
such  as  climate,  amount  of  any  particular  nutrient  available,  depth  of 
soil,  or  slope,  depends  upon  the  other  factors.  Thus  in  plant  growth 
we  are  not  dealing  with  a  simple  group  of  factors,  each  of  which  has  a 
definite  influence  under  all  conditions,  but  with  a  complex  combination, 
and  the  significance  of  any  one  or  of  variations  in  any  one  depends 
upon  the  others. 

Each  soil  must  be  understood  as  a  complex,  changing  thing,  in  some 
respects  like  a  living  thing,  subject  to  the  combined  forces  of  the  en- 
vironment. In  time,  the  soil  approaches  an  equilibrium  in  which  the 
forces  of  depletion  (leaching,  erosion,  and  removal  of  materials  by 
plants  and  animals)  balance  the  forces  of  renewal  (addition  of  new 
minerals  to  the  top  or  bottom  of  the  soil  layer,  release  of  materials  by 
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plants  and  animals,  and  the  decomposition  of  minerals  within  the 
soil).  If  any  factor  of  the  environment — the  vegetation,  climate, 
slope,  or  parent  rock — varies  or  changes,  the  soil  will  take  on  a  dif- 
ferent character  and  will  veer  toward  a  new  point  of  equilibrium. 

Many  such  changes  occur  in  nature,  usually  very  slowly.  Climates 
may  change  gradually.  With  climatic  changes,  or  for  other  reasons, 
vegetation  may  change.  There  are  instances  in  which  a  dark-colored 
soil  with  a  layer  of  lime  in  the  lower  portion,  developed  under  a  tall- 
grass  vegetation  (Chernozem)  has  been  changed  to  a  light-colored, 
acid  soil  (Podzol)  after  coniferous  trees  have  encroached  on  it.  The 
most  important  recent  changes  have  been  caused  by  man.  When 
man  removes  the  native  vegetation  and  replaces  it  with  plants  of  his 
own  choosing,  an  enormous  change  is  sometimes  made.  This  change 
may  improve  the  soil  and  make  it  more  productive  for  the  future,  or 
it  may  reduce  its  productivity,  depending  upon  the  crops  grown,  the 
management  practices,  and  the  soil  conditions.  Although  such 
changes  may  not  be  fundamentally  different  from  those  taking  place 
in  the  natural  environment,  they  are  brought  about  much  more 
quickly  and  may  even  be  drastic  and  sudden,  like  the  change  from 
natural  tall  grasses  to  cultivated  corn  or  from  pine  trees  to  clover 
meadows.  Certainly  many  of  the  soils  of  western  Europe  are  more 
productive  now  than  when  they  were  first  cleared.  So  are  many  in 
the  eastern  part  of  the  United  States  and  elsewhere  in  this  country. 
Others  have  been  allowed  to  become  acid,  deficient  in  nutrients,  and 
eroded. 

Losses5  from  the  natural  soil  after  it  has  reached  essential  equilib- 
rium with  its  environment  in  the  natural  landscape  are  thus  balanced 
with  gains  or  additions.  Although  man's  changes  may  be  drastic  and 
may  greatly  change  the  productivity  of  the  soil  for  a  time,  the  funda- 
mental characteristics  of  the  soil  are  ordinarily  changed  only  very 
slowly,  except  in  instances  of  extremely  accelerated  erosion.  There 
are  other  instances  where  continued  flooding,  as  in  rice  culture,  the 
long-continued  use  of  chemicals  and  drainage,  irrigation,  silting,  and 
similar  practices  may  lead  to  certain  fundamental  changes. 

Cultivation  may  reduce  losses  from  leaching,  especially  where  a  less 
vigorous  plant  growth  is  substituted  for  the  native  vegetation  with  a 
resulting  increase  in  run-off.  The  most  important  loss  from  cultivated 
soils  through  leaching  is  that  of  nitrogen.  To  grow  most  farm  crops 
successfully  the  soil  must  contain  abundant  supplies  of  soluble  nitrogen 
compounds — larger  supplies  than  are  required  by  most  native  plants. 
In  humid  regions  where  there  is  plenty  of  rainfall,  soils  very  permeable 
to  water,  such  as  the  sandy  soils,  may  suffer  large  losses  of  soluble 
nitrogen  compounds,  especially  on  barren  ground,  where  there  is  no 
growing  vegetation  to  take  up  the  nitrogen.  This  is  one  of  the  reasons 
for  growing  cover  crops.  Such  crops  use  part  of  the  water,  thus 
reducing  the  total  amount  passing  through  the  soil,  and  also  take  up 
the  nitrogen,  which  is  released  again  to  the  soil  by  decomposition 
when  the  plants  are  plowed  under.  In  applying  nitrogen  fertilizer-  to 
aoils  subject  to  much  leaching,  slowly  available  forms  must  be  used 
along  with  soluble  materials  if  one  application  is  to  serve  the  crop 
throughout  the  growing  season;  otherwise  two  or  three  smaller  appli- 

s  The  nature  and  extent  of  soil  lnssr*  are  described  more  fully  in  the  IMS  Yearbook  of  Agriculture,  Soils 
and  Men,  especially  on  pages  84  to  96,  to  which  the  reader  i<  referred. 
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cations  of  the  soluble  materials  will  have  to  be  used  during  the  season. 
If  a  large  application  of  soluble  nitrogen  fertilizer  were  used  in  the 
spring  on  a  sandy  soil  in  the  southeastern  part  of  the  United  States, 
say,  much  of  the  nitrogen  might  be  leached  out  of  the  soil  and  lost  to 
the  plants  before  the  latter  part  of  the  growing  season. 

Under  natural  conditions  the  materials  taken  up  by  vegetation  are 
returned  to  the  surface,  but  when  crops  are  harvested  these  materials 
are  removed.  In  many  instances  such  withdrawals  from  the  soil 
may  be  insignificant  as  compared  with  the  total  supply,  especially  if 
erosion  is  constantly  uncovering  fresh  minerals.  Thus,  in  many 
soils  the  content  of  calcium,  magnesium,  zinc,  or  any  other  nutritive 
element  may  be  so  large,  or  the  natural  processes  of  renewal  so 
effective,  that  compensating  additions  are  unnecessary  to  maintain 
the  yield  and  quality  of  crops.  Yet  with  many  other  soils  this  is  not 
true.  Frequently  the  demand  made  upon  particular  nutrient  elements 
by  planted  crops  is  so  much  greater  than  that  of  the  native  vegetation 
that  after  a  few  crops  have  been  harvested  additions  in  the  form  of 
fertilizer  or  manure  must  be  made.  Many  of  the  sandy  soils  developed 
under  a  forest  vegetation  in  humid  regions,  for  example,  are  deficient 
in  most  of  the  nutrient  elements.  On  the  other  hand,  some  of  the  silt 
loam  soils  developed  under  luxuriant  grass  vegetation  in  subhumid 
regions  may  contain  abundant  supplies  of  all  or  at  least  most  of  the 
nutrient  elements. 

The  matter  of  nutrient  deficiencies  is  specific  for  each  type  of  soil 
and  management  practice.  It  is  a  matter  not  of  "replacing"  what 
the  plants  remove  but  of  supplying  those  particular  nutrients  in  which 
the  soil  is  deficient  for  the  growth  of  some  crop  or  sequence  of  crops  in 
order  to  have  good  yields,  or  good  quality,  or  both.  The  long-con- 
tinued growth  of  harvested  crops  on  any  soil  will  ultimately  deplete 
the  soil  of  nutritive  elements,  provided  there  is  no  erosion  or  deposi- 
tion, but  it  will  do  this  very  unequally  for  the  different  elements.  As 
more  is  being  learned  about  soils,  fertilizers  are  being  more  and  more 
adapted  to  particular  soils  in  accordance  with  their  specific  deficiencies 
and  the  system  of  management.  If  a  soil  needs  only  one  or  two  ele- 
ments, it  is  not  necessary  to  put  on  a  complex,  more  expensive  fertilizer 
containing  several  others  in  addition.  Increasing  deficiencies  of 
many  of  the  secondary  nutritive  elements  like  manganese,  zinc,  copper, 
boron,  and  iron  are  being  found,  especially  in  some  of  the  soils  that 
have  been  long  cultivated.  The  matter  of  nutrient  deficiencies  may 
be  expected  to  receive  enormously  greater  attention  from  the  point 
of  view  of  human  and  animal  health  and  nutrition  as  well  as  that 
of  yield  of  crops  in  the  years  to  come. 

In  addition  to  the  chemical  influences,  growing  crops  have  physical 
influences  on  the  soil.  For  good  crop  growth  it  is  necessary  for  the 
soil  to  be  pervious  to  water  and  permeable  to  roots.  Such  a  soil  has  a 
granular  or  crumblike  structure,  that  is,  it  is  made  up  of  soft,  irregular 
granules  or  aggregates  of  soil  particles.  Granular  structure  is  best 
developed  under  grass  vegetation;  the  Prairie  or  Chernozem  soils  are 
examples.  Excessive  plowing  and  cultivating,  especially  when  the 
soil  is  very  wet  or  very  dry,  tend  to  destroy  the  granular  structure  and 
cause  the  soil  to  run  together,  or  puddle,  when  wet  and  to  bake  into 
hard  crusts  or  large  clods  when  dry.  On  many  soils  the  continuous 
growing  of  corn  or  other  cultivated  crops  injures  the  structure  and 
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causes  a  decline  in  production  before  any  serious  nutrient  deficiencies 
have  developed.     Erosion  sometimes  removes  a  mellow  surface    - 
and  exposes  a  massive  subsoil,  thus  greatly  injuring  soil  structure. 
Without  doubt  accelerated  erosion  does  more  harm  to  the  pL 
qualities  of  the  soil  than  to  its  fertility,  although  both  may  be  imp 
In  order  to  maintain  good  structure  most  soils  must  be  devoted  periodi- 
cally to  grass  or  close-growing  legumes".     The  good  influence  of  alfalfa 
and  the  clovers  grown  in  rotation,  in  humid  regions  especially,  may 
be  due  as  much  to  their  good  effect  on  struc  heir  abL: 

maintain  the  nitrogen  supply. 

Erosion 

Under  natural  conditions  some  erosion  is  constantly  taking  place 
from  the  upland  soils,  and  some  deposition  is  taking  place  on  the  low- 
land soils.     Some  soils  are  not  subject  to  either  influence,  especially 
those  on  nearly  level  uplands,  and  in  humid  regions  unproductiv    - 
develop  in  such  situations  because  of  the  -  -  or  lack  of  these 

normal  processes  for  renewal.  The  removal  of  the  native  vege: 
and  the  use  of  the  soil  for  cultivated  crops  may  accelerate  the  e:  - 
process  if  the  land  is  sloping,  if  the  soil  is  not  easily  permeable  to  water, 
and  if  the  soil  material  is  easily  suspended  in  water.  Thus  the  amoimt 
of  erosion  that  may  be  expected  depends  upon  the  erodibility  of  the 
soil  under  particular  management  practices,  including  the  kind  of 
crops  grown,  the  lay-out  of  the  fields,  the  methods  of  tillage,  and  so  on. 
If  a  type  of  soil  management  is  adopted  that  permits  a  great  increase 
in  the  speed  and  amount  of  run-off,  growing  plants  may  suffer  from  a 
shortage  of  water,  and  erosion  may  be  greatly  ftted.   With  proper 

control  of  run-off,  losses  of  either  water  or  soil  are  reduced  or  avoided. 

Soil  and  rock  erosion  are  always  going  on  under  natural  conditions. 
Through  this  natural  process,  drainage  systems  are  developed.  In  a 
geologically  young  country  like  the  Lak    States  tJ  large  a: 

swamps  and  imperfectly  drained  lands  even  :hough  the  whole  area 
lies  well  above  sea  level.  As  time  goes  on  the  streams  may  be  expected 
to  deepen  and  lengthen  and  gradually  drain  the  lakes  and  swamps. 
When,  through  major  geological  pro<  as  a  great  area  becomes 
elevated  as  a  plain,  this  normal  cutting  of  a  drainage  system  begins. 
In  desert  regions  without  the  buffering  influen  _ 

processes  go  on  very  actively.  In  areas  where  rainfall  is  sufficient  to 
promote  a  continuous  cover  of  perennial  vegetation  the  erosion  p: 
is  much  slower.  Erosion  proceeds  in  the  natural  landscape  at  the 
same  rate  as  or  slower  than  soil  formation.  In  addition  there  is 
movement  by  slips  and  slides,  in  which  the  whole  soil  moves  more  or 
less  as  a  mass.  Some  of  these  movements  are  very  slow — "creeps," 
they  are  sometimes  called.  In  regions  of  high  temperatures  and 
rainfall  the  tropical  vegetation  grows  so  luxuriantly  and  rapidly  that 
sheet  or  gully  erosion,  that  is,  ordinary  soil  washing,  is  very  slow  indeed. 

The  amount  of  natural  erosion  in  the  different  regions  varies  greatly. 
depending  upon  the  seasonal  amount  and  intensity  of  the  rainfall, 
the  angle,  length,  and  shape  of  the  slopes,  the  permeability  of  the  soil, 
and  the  character  of  the  vegetation.  Sharp,  sudden  showers 
more  erosion  than  slow,  gentle  rains.  This  is,  perhaps,  a  principal 
reason  for  the  very  small  amount  of  accelerated  erosion  in  central  and 
in  Europe,  where  gentle  rains  are  the  nil         S      den  rains,  like 
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many  of  the  winter  and  early  spring:  rains  in  the  United  States,  are 
tally  destructive  if  they  come  at  times  when  an  erosive  soil  is 
nearly  barren  of  vegetation.     The  greater  the  angle  or  the  length  of 
slopes.  tL.  -  is  the  amount  a:      -  of  the  run-off.     With  the 

same  length  and  degree  of  slope,  there  is  more  rapid  run-off  and  more 
aoD  on  concave  than  on  convex  slopes. 

Thus  the  erodibility  of  any  particular  soil  is  not  easy  to  estimate. 

Rains  may  come  with  violence,  and  the  slope  may  be  steep,  but  if  the 

soil  is  sufficiently  permeable  the  water  goes  into  the  ground  and  does 

not  run  over  the  surface.     Many  of  the  strongly  lateritic  soils  in  the 

Tropics  are  of  this  type.     Any  factor  that  injures  the  vegetation,  such 

as  fire,  severe  drought,  severe  grazing,  or  clearing  may  greatly  increase 

■:i.  provided,  of  course,  that  the  other  factors  are  also  favorable 

•h  an  in<:       s         S  soils  i       -  si       that,  even  on  a  very 

gentle  slope,  if  they  arc  -   I  to  sudden  rains  great  damage  may  be 

done  swiftly.     The  several  horizons  of  the  same  soil  sometimes  vary  in 

erodibility.     In  the  southern  Piedmont  region,  for  example,  some  soils 

have  highly  erodible  surface  (A)  horizons,  less  erodible  B  horizons,  and 

highly  erodible  substrata  (C  horizons).     Once   gullies   have  cut 

through  the  solum  in  such  soils,  the  problem  of  control  is  inert    b 

enormously. 

In  the  United  S:  -  -ion  has  increased  on  many  soils  as  a  result 
of  placing  lands  under  cultivation  and  intensive  grazing.  This  has 
happened  on  soils  subject  to  erosion  where  the  svstem  of  management 
has  allowed  too  much  run-off  .  has  become  most  noticeable 

on  the  sloping  soils  of  the  Central  and  especially  the  Southern  S: 
There  has  been  serious  erosion  and  soil  blowing  in  many  parts  of  the 
uise  of  overgrazing  and  attempts  to  cultivate  land  by  farming 
methods  developed  in  more  humid  regr 

Since  the  degree  and  effect  of  erosion  depend  upon  both  the  type 
of  soil  and  the  management  practices,  they  are  not  correlated  directly 
with  either  one  alone.  Careless  husbandry  may  lead  to  erosion  on  one 
soil  and  not  on  another;  and  some  moderately  e:  Is  have  eroded 

badly  under  poor  husbandry — that  is.  under  management  practices 
suited  to  the  particular  soil  type — whereas  under  good  husbandry 
the  same  soils  may  not  have  suffered  accelerated  erosion  at  all  and  may 
even  be  much  more  productive  than  under  natural  conditions. 

It  must  be  remembered  that  erosion,  low  yields,  and  rural  poverty 
:i  symptoms,  not  primary  s  -  of  maladjustments  between  the 
people  and  the  soil — maladjustments  that  lead  to  improper  us 
management  of  the  soil.  Of  course,  after  a  decline  in  soil  produc- 
jun.  a  proper  adjustment  may  be  even  more  difficult  to 
effect.  Thus  soil  depletion,  once  begun,  may  appear  to  be  a  cause  of  the 
difficulties  of  which  it  is  really  the  result. 

Whether  or  not  a  soil  is  productive  depends  on  both  soil  and  man- 
Lent.     The  use  to  which  any  soil  can  be  put  depends  upon  the 
economic  and  social  conditions  within  which  that  use  must  be  made. 
That  is.  if  pri<    s  high  enough,  most  soils  could  be  used  for  crops; 

if  prices  are  very  low.  few  soils  can  be  used.  Frequently  people  have 
been  persuaded  to  attempt  to  farm  land  that  cannot  yield  a  satisfac- 
tory labor  income  under  existing  prices  and  costs  of  production  on  a 
secure  basis      For  example,  farms  have  been  established  on  strongly 

r,  I  Men. 
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sloping  soils,  extremely  stony  soils,  dry  sandy  soils,  the  dry  soils  of  the 
seruiarid  regions,  and  elsewhere  where  yields  in  proportion  to  the  labor 
and  other  costs  are  too  low  to  give  returns  sufficient  for  the  support  of 
a  family.  Exploitive  methods  of  farming  that  lead  to  even  lower 
yields  may  have  been  followed  in  an  attempt  to  make  a  go  of  things, 
with  the  result  of  making  a  bad  situation  worse. 

THE  FARM  AS  A  UNIT 

The  individual  farm  is  the  place  where  the  several  agricultural 
:ces  come  together  into  one  pattern.  Success  depends  frequently 
upon  ability  to  fit  the  several  pieces  together  and  to  keep  them  in 
proper  relationship  to  one  another  as  economic  and  social  conditions 
change  and  as  agricultural  science  progresses.  Although  research 
may  be  conducted  on  single  items,  such  as  soil  fertility,  crop  dis  -  - 
marketing  arrangements,  cattle  feeding,  and  machinery  design,  in 
practice  things  are  done  together.  One  cannot  do  some  perfectly  and 
neglect  the  others.  Failure  to  treat  seet.1  for  disease  may  nullify  other 
good  practices.  What  are  sometimes  regarded  as  single  problems 
such  as  soil  erosion,  rural  health,  tenancy,  low  farm  prices,  climatic 
hazards,  and  animal  diseases,  are  not  soluble  individually.  Many  of 
them  are  rather  effects  than  causes  of  farmers*  difficulties.  The 
study  and  analysis  of  the  farm  problem  is  handicapped  by  a  modern 
tendency  toward  oversimplification — the  attempt  to  find  some  one 
oau.se,  for  which  there  is  some  equally  simple  cure.  Many  yea:  ~  ■ 
scientists  hoped  to  find  a  fundamental  cause ;  and  though  science  has 
long  since  abandoned  the  search,  many  people,  even  leaders  of  the 
people,  still  advocate  some  single  remedy  for  their  ills.  But  there  is  no 
single  road  to  ruin  or  success. 

Each  far;  vn  peculiar  physical  make-up;  almost  no  two 

farms  are  alike  so  far  as  soil  and  climate  are  concerned.  Many  are 
enormously  complex.  Part  of  the  land  may  be  hilly,  some  nearly 
level;  part  may  be  stony  and  some  not;  part  sandy  and  some  heavv. 
The  effects  of  climate — droughts,  sharp  rains,  hot  winds — are  different 
on  these  different  soil  types.  Crops  suffer  from  drought  on  some  soil 
types  much  more  than  on  others  on  the  same  farm.  Soil  type  also 
determines  the  effect  of  sudden  hard  rains  on  erosion. 

The  farmer  is  trying  to  make  a  living  and  to  develop  a  home — 
the  kind  of  home  he  wants.  Now  there  is  a  great  deal  of  difference 
among  people  as  to  what  they  want,  as  to  how  hard  they  are  willing 
>rk  for  the  extra  comfor*-  -  what  things  give  them  most 
satisfaction.  No  one  can  set  up  a  standard  for  all  the  rest — at  least 
not  in  a  democracy.  Farmers  are  unlike  in  personal  traits  and  have 
unequal  amounts  of  worldly  goods.  What  may  be  practical  for  one 
who  has  a  little  capital  may  be  quite  impractical  for  one  without  any. 

Changes  in  transportation  systems,  in  the  development  of  electric 
power,  in  prices,  in  credit  facilities,  in  machinery,  in  crop  varieties, 
in  all  phases  of  our  cultural  and  economic  life,  influence  individual 
farmers  quite  differently.  A  new  all-weather  road  may  enable  one 
farmer  to  produce  whole  milk  but  not  help  another.  The  price  fluctua- 
tions of  wheat  ami  corn  may  not  have  much  influence  on  the  vegetable 
glowers  in  eastern  Virginia. 

There  is  no  such  thing  as  a  " 
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and  climate  in  the  abstract.  Of  course,  the  range  in  possibilities  for 
some  soils  is  greater  than  for  others;  each  has  a  certain  elastic  limit 
beyond  which  it  cannot  be  improved.  But  for  many  soils  there  are 
10  or  even  20  "best"  uses,  depending  upon  the  other  factors  in  the 
combination — soil,  climate,  and  farmer. 

One  can  say  that  most  farmers  want  secure  production — income 
now  and  for  the  years  ahead.  This  requires  careful  planning  involving 
the  relationship  of  all  the  many  factors  in  the  combination  that  is  the 
farm  unit  to  achieve  maximum  production  with  a  system  of  farming 
that  will  maintain  soil  productivity  for  the  future.  Conservation  is 
the  byproduct  of  a  properly  adjusted  farming  system  and  not  the  direct 
purpose  of  the  farmer.  There  are  no  one  or  two  practices  that  will 
give  the  desired  results.  For  example,  terraces  are  useful  on  many 
soils  to  control  run-off,  provided  that  any  deficiencies  in  lime,  phos- 
phorus, or  other  nutrients  are  supplied  and  proper  rotations  including 
legumes  are  planned.  But  terraces  without  the  other  accompanying 
practices  may  cause  more  injury  that  good  by  concentrating  the  water 
and  starting  gullies  in  places  where  they  become  broken.  Similarly 
there  is  no  advantage  in  using  high-quality  seed  unless  the  land  is  well 
tilled,  the  soil  fertilized  where  necessary,  and  run-off  controlled. 

Because  the  problem  of  the  adjustment  of  people  to  the  soil  is  com- 
plex and  because  several  management  practices  must  be  fitted  to  a 
variety  of  physical  conditions,  each  farm  unit  offers  a  unique  problem 
and  must  be  studied  in  detail.  Certain  facts  may  be  true  for  many 
practices  and  for  the  same  soil  on  many  farms.  But  the  combination 
of  conditions  is  individual  for  each  farm. 

This  fitting  of  a  pattern  of  social  and  economic  conditions  to  a  pat- 
tern of  soil  conditions  is  illustrated  by  the  hypothetical  farms  shown 
in  figures  5  and  G.  Although  much  simplified,  these  farm  lay-outs 
may  illustrate  the  point. 

In  the  farms  of  figure  5  a  slight  difference  in  soil  changes  the  use 
of  all  of  the  other  soils  in  the  farm  unit.  Thus,  the  "best  use"  of  the 
same  soils  on  adjoining  farms  is  quite  different.  In  figure  6,  the  soils 
on  the  three  farms  are  the  same,  but  the  market  facilities  and  the 
desires  and  abilities  of  the  farmer  as  a  manager  are  different.  Conse- 
quently, the  soils  are  used  differently  in  order  to  achieve  the  ends  of 
production  on  a  secure  basis.  Although  some  one  or  two  plants  may 
grow  best  on  a  certain  soil  most  soils  can  be  used  reasonably  well  for 
several  crops.  Considering  the  economic  advantages  of  diversification 
and  the  physical  advantages  of  crop  rotations,  it  may  be  better  to 
grow  several  crops  on  a  soil  than  only  one  or  two.  Some  soils  are 
much  more  elastic  than  others,  and  a  few,  as  in  the  illustrations,  have 
no  elasticity  under  existing  conditions. 

It  is  clear,  therefore,  that  generalizations  about  good  practices 
for  all  soils  or  all  farms,  even  in  the  same  climatic  region,  are  impracti- 
cal. Each  practice  must  be  harmonized  with  the  others  on  the  farm. 
And  for  the  farmer  to  make  this  adjustment  on  his  own  farm,  the 
broader,  community  pattern  of  roads,  tax  policies,  and  so  on  must  be  in 
accord  with  the  physical  condition  of  the  community.  When  these 
adjustments  are  made  as  conditions  change,  the  fundamental  basis 
for  a  secure,  healthy  rural  people  has  been  achieved.  When  they 
fail,  from  internal  or  external  causes,  discord,  poverty,  and  soil  deple- 
tion follow. 


Ornate  and  Soil 
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Figure  5. — These  two  adjoining  hypothetical  farm*  in  the  ridge-Taller  region  of  the 
Southeast,  of  about  140  acres  each,  consisting  chiefly  of  relatively  poors  oik.  illustrate 
the  influence  of  a  small  area  of  one  particular  soil  type  on  the  use  of  others  in  the  farm 
unit.  The  growing  season  is  a  little  too  short  for  cotton.  Since  the  rainfallis  high  and 
is  characterized  by  sudden  showers,  run-off  and  erosion  are  serious  on  sloping  lands 
not  wefl  covered  with  vegetation.  The  soils  on  the  two  farms  may  bedescribed  briefly 
=  -  :  ■  .'.     •--: 

silt  loam.      Highly  fertile  soil  of  nearly  level  stream  bottoms.     Although 
subject  to  overflow  lor  short  periods,  it  is  easy  to  tilL  and  there  is 
hazard  from  erosion.     Oops  suffer  little  from  drought  on  this  soil.      If  thi-  - 
devoted  to  mixed  hay  containing  legumes  every  third  or  fourth  year  and  if  a  little 
ite  is  used,  excellent  crops  of  corn  may  be  obtained. 

cherty    silt   loam.     Soil   with   good   physical   condition  for  crops,  but 
relatively  low  in  fertility,  cherty  and  slight);  ml  found  on  undulating  or 

gently  sloping  surfaces.     It  is  comparat  to  till,  but  care  must  be  taken 

that  legume  bay  crops  are  grown  frequently,  that  the  soil  does  not  remain  bare  dur- 
ing the  winter,  and  that  tillage  operations  are  conducted  on  the  contour.  In  a 
few  places  strip  cropping  may  be  necessary  for  best  results.  Applications  of  both 
time  and  phosphate,  together  with  some  potash,  will  be  necessary  for  good  yield*. 
If  legumes  are  grown  and  manure  is  properly  conserved  and  applied,  little  nitrogen 
fertilizer  will  be  required.  * 

3.  Fullerton  silt  loam,  rolling  phase.  Moderately  fertile  soil  with  good  physical 
condition  for  crops,  but  slightly  stony  and  on  steep  slopes.  With  applications  of 
time  and  phosphate,  good  pastures  with  legumes  can  be  grown  easily.  Crops  can 
be  grown  with  less  fertilizer  and  lime  than  on  soi!  ;t  great  care  to  avoid 

-rive  run-off  and  erosion  must  be  taken  through  strip  cropping  and  the  main- 
tenance of  grassed  areas  in  the  drainage 

4.  Fullerton  cnerty  loam,  hilly  phase.  Soil  with  fair  physical  condition,  quite  stony, 
strongly  sloping,  and  relatively  low  in  fertility.  Forest  trees  grow  well  on  this 
■oil,  and  grasses  for  pasture  can  be  grown  through  the  use  of  lime,  heavy  applica- 
tions of  phosphate  fertilizer,  and  careful  management  to  prevent  overgrazing  and 
the  formation  of  little  rills  that  could  easily  grow  into  gullies. 

5.  Qarksville  stony  loam,  steep  phase.  Soil  so  stony  and  steeply  sloping  that  only 
forest  trees  can  be  grown. 

-tern  of  farming  that  will  support  a  family  and  conserve  the  soil  must  include 
•  k  and  some  cash  crop.  This  is  much  more  easily  arranged  on  farm  B  than  on 
farm  A  because  of  the  small  area  of  soil  on  B  highly  productive  for  corn.  Sufficient 
corn  can  be  grown  on  farm  B  on  soil  No.  1  so  that  soil  No.  2  can  be  used  for  tobacco, 
small  grains,  and  legumes,  soil  No.  3  for  pasture,  and  soil  No.  4  far 
there  is  no  soil  highly  productive  for  corn  on  farm  A  l^rd  partly 

for  corn  or  other  feed  crops  and  soil  No.  4  for  :  th  rather  difficult  manage- 

ment practices  required  in  both  instances.  Soil  No.  5  cannot  be  used  for  crops  or 
pasture  under  any  known  system  of  management  that  would  be  practical. 
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Figure  6. — These  three  hypothetical  farms  in  southern  Michigan  of  about  160  acres 
each  have  the  same  pattern  of  relatively  good  soils;  yet  different  management  systems 
to  achieve  both  production  and  conservation  may  be  easily  developed  in  accordance 
with  market  facilities  and  the  desires  and  capabilities  of  the  farmers.  Because  of 
the  soil  and  climatic  conditions,  erosion  is  not  a  serious  hazard,  but  rotations  must 
be  sufficiently  flexible  to  allow  for  shifts  in  abnormally  wet  or  dry  seasons.  The  soils 
may  be  described  as  follows: 

1.  Miami  loam.  Fertile  soil,  easy  to  till,  well-drained,  and  undulating  or  very  gently 
sloping.  For  best  results  lime  must  be  applied  and  occasional  applications  of 
phosphates  made.  Unless  manure  is  used  and  legumes  grown,  potash  and  nitro- 
gen will  be  necessary  also.  Crops  are  not  much  affected  by  excessive  or  deficient 
rainfall. 

2.  Conover  loam.  Fertile  soil,  easy  to  till,  imperfectly  drained,  and  nearly  level. 
Occasional  applications  of  phosphate  are  necessary,  and  sometimes  a  little  lime  is 
needed.  The  soil  must  be  tile-drained  for  best  results,  and  during  abnormally 
wet  seasons  crops  may  suffer  somewhat. 

3.  Brookston  silt  loam.  Highly  fertile  soil,  poorly  drained,  nearly  level,  and  com- 
paratively easy  to  till  unless  the  season  is  unusually  wet.  This  soil  must  be  tile- 
drained  for  the  production  of  field  crops,  although  pastures  can  be  grown  fairly 
well  without  such  drainage.  Phosphates  are  required  for  best  results.  During 
abnormally  wet  seasons  crops  may  suffer  somewhat  and  machinery  be  hard  to 
handle. 

4.  Bellefontaine  sandy  loam.  Moderately  fertile  soil,  well-drained,  easy  to  till,  and 
gently  rolling.  During  dry  seasons  crops  may  suffer  somewhat.  Lime  and  phos- 
phate are  needed  but  not  much  potash  and  nitrogen  if  manure  is  used  and  legumes 
are  grown.      (Legend  continued  on  following  page.) 
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Effects  of  Climatic  Factors 
On  Growing  Plants 


By  A.  C  .  Hildreth,  J.  R.  Magxess.  and  Johx  W.  Mitchj 

THE  A I  THOR>  of  thi~  article  have  brought  together  a  wealth 
of  fact?  regarding  the  effect s  of  cold  and  heat,  moisture  and 
dr\  ness.  and  differing  amount?  of  light  on  growing  plants. 
These  are  the  fundamentals  that  govern  the  successful  glowing 
of  crop?  in  various  regions,  the  breeding  of  plants  to  overcome 
climatic  limitations,  and  some  important  farm  practice?  designed 
to  nt  in  with  ciimatic  requirements. 
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Climate  largely  determines  the  type  of  vegetation  that  grows  naturally 
in  any  part  of  the  world  and  the  kinds  of  agricultural  production  that 
are  possible.  The  three  most  important  factors  in  climate  from  the 
standpoint  of  plant  response  are  temperature,  water  supply,  and  light. 
Temperature  is  the  main  factor  that  determines  where  native  species 
or  crop  plants  can  be  grown  in  great  belts  north  and  south  of  the 
Equator.  Precipitation  or  water  supply  is  the  most  important 
factor  in  determining  the  distribution  of  plants  and  crops  within  these 
great  belts  of  somewhat  similar  temperature  conditions.  Light 
varies  greatly  in  intensity  in  different  areas,  and  the  length  of  daily 
illumination  varies  in  different  regions  and  at  different  seasons  of  the 
year.  Both  light  intensity  and  the  length  of  the  daily  illumination 
period  profoundly  affect  plant  behavior.       » 

Other  elements  of  climate  are  less  important  from  the  standpoint 
of  crop  production.  Wind  increases  the  water  requirement  of  plants. 
Hailstorms,  tornadoes,  or  hurricane-  may  destroy  crops  locally.  Xear 
salt  water,  the  salt  spray  may  be  destructive  to  many  forms  of 
vegetation. 

All  of  these  elements  of  climate  are  interrelated  in  their  effect  on 
the  plant  organism.  Temperature  and  light  affect  the  water  require- 
ment. The  available  moisture  supply  greatly  influences  the  effects 
of  high  temperature-  and  light  intensities  Although  these  elements 
of  climate  are  discussed  separately,  the  reader  should  keep  in  mind 
that  the  plant  is  a  complicated  organism,  affected  by  all  factors  in 
its  environment,  nutritional  as  well  as  climatic,  and  that  these  effects 
are  usually  interrelated  in  plant  response. 

Numerous  attempts  have  been  made  to  evaluate  geographical 
location  and  elevation  in  terms  of  plant  response.  These  really  are 
evaluations  of  location  and  elevation  as  they  affect  the  elements  of 
climate,  since  it  is  the  climatic  environment  rather  than  geography 
that  determines  the  rate  of  plant  development.  Hopkins  (see  Selected 
References,  p.  306).  in  a  recent  study  of  these  relationships — some- 
times referred  to  as  bioclimatics — has  suggested  the  following  values 
for  latitude,  longitude,  and  elevation  in  determining  the  time  at  which 
plants  of  the  same  species  will  flower: 

1.  For  each  degree  of  latitude  north  or  south  of  the  Equator,  flowering  ia  re- 
tarded 4  calendar  days. 

2.  For  each  5  degrees  of  longitude,  from  east  to  west  on  land  area>.  flowering 
is  advanced  4  calendar  day>. 

3.  For  each  400-foot  increase  in  altitude,  flowering  is  retarded  4  calendar  day.-. 

These  value.-  are  quite  similar  to  other  and  earlier  estimates,  and 
seem  to  apply  very  well  to  many  of  our  crop  plants. 

TEMPERATURE  AND  PLANT  GROWTH 

In  one  way  or  another,  temperature  influences  every  chemical  and 
physical  process  connected  with  plants — solubility  of  mineral-,  ab- 
sorption of  water,  gases,  and  mineral  nutrients,  diffusion,  syntli 
a-  well  as  vital  processes  such  as  growth  and  reproduction.  Since 
processes  are  necessary  for  plants  to  become  established  and 
survive,  temperature  limit-  to  a  considerable  extent  the  distribution 
of  plants  on  the  earth  and  largely  determines  the  flora  of  the  different 
regions.  Moreover,  temperatures  delimit  the  areas  of  suce 
m* — 4i 
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production  of  most   agricultural  crops.     Such  well-defined  areas  as 

the  Cotton  Belt,  the  Corn  Belt,  the  winter  and  spring  wheat  areas. 
and  the  Michigan  fruit  belt  are  determined  essentially  by  tempera- 
tures. This  limiting  influence  on  crop  distribution  results  primarily 
from  (1)  too  short  a  period  of  favorable  temperature  for  crop  maturity: 
[favorably  high  or  unfavorably  low  growing-season  temperatures 
for  proper  development  of  the  crop:  (3)  occurrence  of  temperatures, 
either  high  or  low.  that  cause  injury  or  death  to  growing  plants:  4 
winter  temperature  conditions  that  injure  or  kill  dormant  plants: 
and  (5)  temperature  conditions  particularly  favorable  to  the  develop- 
ment of  injurious  diseases  or  insect  pests. 

In  its  evolution  the  plant  kingdom  has  become  adapted  to  a  wide 
range  of  temperatures.  There  are  few  places  on  earth  too  hot  or  too 
cold  to  sustain  some  form  of  plant  life.  Certain  blue-green  algae 
thrive  in  hot  springs  where  the  water  is  constantly  near  the  boiling 
point.  Plants  of  arctic  regions  survive  where  winter  temperatures 
reach  —90°  F.  Many  plants  can  adapt  themselves  to  great  ex- 
tremes of  temperature  by  entering  resting  stages.  Dormant  trees 
that  withstand  —65°  F.  in  winter  are  killed  when  they  are  in  summer 
growing  condition  by  temperatures  a  few  degrees  below  freezing. 
Dried  seeds  and  spores  withstand  temperatures  of  liquid  air  and 
liquid  oxvsien.  Spore  stages  of  certain  fungi  can  survive  temperatures 
up  to  131 

The  temperature  range  within  which  growth  takes  place  is  much 
more  limited  than  that  within  which  plants  in  inactive  stages  can 
survive.  Mention  has  alreadv  been  made  of  the  hot-springs  algae 
that  grow  at  temperatures  of  about  93°  C.  <199.4C  F.  .  At  the 
other  extreme  are  fungi  that  develop  in  cold  storage  at  about  —6° 
_!.2C  F.)  and  certain  marine  algae  that  complete  their  life  cycle 
in  sea  water  below  0°  C.  (32c  F.  .  These,  however,  are  exceptional 
cases,  interesting  because  they  show  the  enormous  adaptability  of 
plant  protoplasm.  By  far  the  greater  number  of  both  higher  and 
lower  plants  are  capable  of  carrying  on  growth  only  within  a  com- 
paratively narrow  range,  from  about  0°  C.  (32°  F.)  to  about  50 
(122°  F.'. 

For  each  species  and  variety  there  is  a  temperature  below  which 
growth  is  not  possible — the  minimum  growth  temperature.  There  is 
likewise  a  maximum  temperature  above  which  growth  ceases.  Be- 
tween these  limits  there  is  an  optimum  temperature  at  which  growth 
proceeds  with  greatest  rapidity.  These  three  points  are  called  the 
cardinal  growth  temperatures.  At  the  minimum  point  growth  pro- 
ceeds very  slowly.  From  somewhat  above  the  minimum  to  the  opti- 
mum, the  rate  of  growth  follows  van't  Hoff's  law:  that  is  to  say.  for 
every  10°  C.  ise  in  temperature  the  rate  of  growth  approxi- 

mately doubles.  Above  the  optimum,  the  growth  rate  falls  off  rapidly 
until  the  maximum  is  reached,  beyond  which  growth  stops.  Thus 
the  optimum  and  maximum  points  are  closer  together  than  are  the 
optimum  and  minimum. 

These  cardinal  growth  temperatures  vary  considerably  among  the 

different   kinds  of  plants.     With   typical  cool-season  crops,  such  as 

rye,  wheat,  and  barlev.  these  points  are  all  comparatively  low — 

minimum  0°-5  2     41 :  F.  .  optimum  25°-31c  I  37.8°  F.), 

and  maximum  3  87  8C   98  6°  P.).     For  hot-season  crops, 
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such  as  melons  and  sorghums,  the  temperatures  are  much  higher — 
mimimum  15°-18°  C.  (59°-64.4°  Fj.  optimum  31°-37°  C.  (87.8°- 
98.6°  F.),  and  maximum  44°-50°  C.  (111.2°-122°  F.).  However, 
there  are  other  crops  such  as  hemp  that  embrace  the  whole  range  of 
growth  temperatures,  having  the  minimum  of  the  cool-season  crops 
and  the  maximum  of  the  hot-season  crops.  The  cardinal  temperatures 
for  growth  may  vary  considerably  with  the  stage?  of  plant  develop- 
ment, such  as  germination,  seedling  stage,  and  maturity.  Thus  seed- 
lings often  have  lower  temperature  requirements  than  plants  in  later 
stages. 

It  should  be  emphasized  that  the  optimum  temperature  that  pro- 
duces the  highest  growth  rate  is  not  necessarily  the  most  favorable  for 
the  general  welfare  of  the  plant  and  is  of  tern  undesirable  from  an  agri- 
cultural standpoint.  Too-rapid  growth  may  delay  or  entirely  prevent 
fruiting;  it  may  produce  plant?  that  are  structurally  weak,  susceptible 
to  disease  or  insect  attacks,  and  subject  to  damage  by  wind,  hail,  or 
other  climatic  influences.  It  is  evident,  however,  that  wide  departures 
from  the  optimum  will  so  reduce  the  growth  in  most  cases  as  to  make 
production  unprofitable. 

A  number  of  investigators  have  attempted  to  determine  the  total 
"heat  units"  required  to  mature  a  crop.  Using  as  a  base  the  minimum 
temperature  at  which  growth  occurs,  they  have  computed  the  total 
" degree-hours"  or  " degree-days"  required,  a  degree-hour  being  1 
degree  of  temperature  above  the  base  for  the  duration  of  an  hour. 
Livingston  (see  Selected  References,  p.  306)  has  published  the  temper- 
ature summations  for  different  parts  of  the  United  States  and  has 
suggested  their  value  in  studies  of  plant  distribution  and  adaptation. 

The  temperature  summations  found  for  the  same  variety  of  plant 
frequently  have  varied  greatly  undei  different  growing  conditions. 
Generally,  in  cooler  sections  the  summation  is  lower  than  in  hotter 
sections,  probably  owing  mainly  to  the  fact  that  excessively  high  tem- 
peratures may  reduce  rather  than  increase  the  rate  of  growth  or  de- 
velopment. Also  the  greater  light  duration  during  the  summer  in 
more  northern  latitudes  may  partly  compensate  for  less  heat.  Thus, 
while  plants  may  be  classed  as  requiring  much,  moderate,  or  little 
total  heat,  a  definite  number  of  degree-hours  or  degree-days  does 
not  result  in  similar  development  under  widely  varying  conditions. 

Unlike  warm-blooded  animals,  plants  have  no  mechanism  for  con- 
trolling temperature  independent  of  environment  or  for  maintaining 
a  uniform  temperature  throughout  the  organism.  In  general,  plants 
and  plant  parts  have  approximately  the  same  temperature  as  their 
surroundings. 

Effects  of  Low  Temperatures 

Wherever  freezing  temperatures  occur,  plants  are  in  danger  of  frost 
injury.  There  are,  however,  many  habits  and  modifications  by  which 
they  are  able  to  survive  in  regions  having  temperatures  at  or  below 
the  freezing  point.  Tender  annuals  escape  freezing  by  completing 
their  life  cycle,  from  seed  to  seed,  during  the  period  between  frosts. 
Herbaceous  perennials  die  back  to  the  ground  but  maintain  life  in 
underground  organs — roots,  bulbs,  tubers,  or  rhizomes — which  pro- 
duce new  tops  when  temperatures  are  favorable.  Beneath  the  soil 
these    organs    are    either    entirely    protected    from    freezing   or   sub- 
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,;  to  much  Less  cold  than  are  aerial  parts.  Coverings  of  snow  or 
-  also  afford  protection  from  low  temperatures,  and  many  low- 
growing  half-hardy  plants  are  able  to  survive  in  cold  regions  because 
of  such  covering  during  periods  of  extreme  cold.  Natural  protection 
is  frequently  supplemented  in  farming  by  such   practices  as  mulching. 

Cold-hardy  plants  have  the  ability  to  develop  cold  resistance 
within  their  tissues.  The  degree  of  resistance  varies  with  different 
species  and  varieties.  Some  herbaceous  types,  such  as  cabbage. 
withstand  ice  formation  in  their  leaves  but  are  killed  by  winter 
temperatures  in  the  colder  parts  of  the  country.  Hardy  woody  plants 
— trees,  shrubs,  and  vines — that  endure  cold  winters  without  pro- 
tection develop  the  greatest  degree  of  cold  resistance  among  higher 
plants.  The  exact  mature  of  this  remarkable  physiological  adaptation 
to  cold  is  still  unknown.  Within  limits,  it  is  possible  to  secure  in- 
creased resistance  in  many  species  by  breeding. 

Many  correlations  have  been  noted  between  cold  resistance  and 
certain'  plant  characteristics,  such  as  structure  and  the  chemical 
and  physical  properties  of  the  cells.  None  of  these  factors,  however, 
seems  to  be  common  to  all  cold-hardy  plants  and  none  can  therefore 
be  regarded  as  the  causal  mechanism  of  cold  resistance.  The  exact 
nature  of  cold  resistance,  as  well  as  the  mechanism  of  injury  from 
freezing,  must  await  a  better  knowledge  of  the  structure  and  the 
physiology  of  plant  protoplasm. 

Bark,  bud  scales,  and  hairy  coatings,  often  regarded  by  enthusiastic 
amateur  naturalists  as  a  means  of  keeping  the  plant  warm,  actually 
have  little  value  in  protecting  it  from  cold.  At  best  such  coverings 
only  slightly  retard  the  rate  of  temperature  fall,  and  the  plant  soon 
comes  to  equilibrium  with  the  temperature  surrounding  it. 

In  their  efforts  to  extend  production  into  colder  regions,  farmers 
and  gardeners  have  persistently  carried  plants  beyond  the  temperature 
range  to  which  they  are  naturally  adapted.  Consequently,  cold 
injury  is  common  in  cultivated  plants.  Since  frost  occurs  in  practi- 
cally every  part  of  the  continental  United  States,  low-temperature 
injury  is  an  agricultural  problem  of  the  entire  country,  and  none  of 
our  agricultural  areas  are  entirely  free  from  this  hazard. 

The  nature  of  freezing  damage  to  crops  varies  in  different  regions 
and  with  the  different  kinds  of  crop  plants.  In  winter-garden  sec- 
tions frosts  may  kill  outright  fields  of  tender  crops,  such  as  beans, 
melons,  and  tomatoes.  Subtropical-fruit  districts  may  experience 
winter  frosts  that  freeze  and  ruin  green  or  ripening  fruit  on  the  trees. 
With  more  sever*:'  freezing,  the  leaves  and  even  the  trees  are  killed. 

Over  much  of  the  United  States  late-spring  frosts  constitute  a 
major  hazard  of  plant  production.  They  may  damage  or  kill  young 
plants  of  corn.  flax,  potatoes,  cotton,  tender  garden  vegetables,  and 
even  seedlings  of  such  comparatively  hardy  crops  as  wheat  and 
alfalfa.  Plants  such  as  tomatoes,  which  are  normally  transplanted 
into  the  fields,  are  usually  started  in  the  South  or  under  glass  to 
escape  the  frost  hazard.  Deciduous  fruits  and  nuts  suffer  damage 
to  opening  buds,  flowers,  or  young  fruit,  often  to  the  extent  of  com- 
pletely destroying  the  crop.  Flowers,  shoots,  and  leaves  of  orna- 
mental trees,  shrubs,  and  perennials  may  be  killed  or  damaged  so 
that  their  esthetic  value  is  largely  lost  for  the  season.  Forest  trees 
suffer  damage  from  late  spring  frosts  through  destruction  of  the 
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crop,  killing  back  or  injury  of  new  growth,  and  development  of  frost 
rings  in  the  wood,  which  later  yields  lumber  of  inferior  quality. 

Plants  overwintering  in  cold  regions  are  subject  to  various  types 
and  degrees  of  cold  injury.  Since  not  all  parts,  organs,  or  tissues  are 
equally  cold-resistant,  one  part  may  be  killed  or  badly  injured  while 
another  is  undamaged.  For  this  reason,  plants  apparently  hope- 
lessly injured  by  cold  often  make  a  surprising  recovery.  On  the 
other  hand,  the  effects  of  winter  injury  are  not  always  immediately 
evident.  Injured  trees  or  branches  may  suddenly  wither  and  die 
after  opening  their  buds,  or  they  may  flourish  until  summer  and  even 
flower  and  fruit  before  dying.  Injury  to  roots  or  interference  with 
the  conducting  system  by  excretions  or  outgrowths  from  cold-injured 
tissue  in  the  wood  may  be  the  cause  of  such  surprising  behavior. 

Winter  injury  to  herbaceous  plants  may  consist  in  complete  killing, 
as  frequently  happens  with  winter  wheat,  grasses,  alfalfa,  clover, 
strawberries,  and  many  ornamental  perennials.  Less  severe  cold  may 
kill  buds  or  injure  crowns  or  roots,  as  is  common  with  alfalfa  and 
strawberries. 

Woody  plants  may  have  terminals  killed  back,  and  with  lower 
temperatures  killing  may  extend  to  the  snow  cover  or  to  the  ground. 
Injury  to  certain  tissues  or  internal  structures  of  woody  stems  is 
common  and  is  generally  recognizable  by  discoloration  of  the  affected 
part.  "Black  heart"  is  an  extreme  case  of  such  injury  prevalent  in 
cold  regions,  in  which  pith  and  often  one  or  more  annual  rings  of  wood 
will  be  dark-colored.  The  cambium — the  region  between  the  wood 
and  bark  where  new  wood  and  bark  cells  are  formed — is  usually  one  of 
the  most  cold-resistant  parts  of  a  dormant  stem  and  often  remains 
uninjured,  later  laying  down  new  rings  of  sound  wood  outside  the 
discolored  layers. 

Roots  are  sometimes  killed  or  injured  even  though  the  top  is  un- 
harmed. Hardy  fruit  or  nut  varieties  budded  or  grafted  on  tender 
rootstocks  are  likely  to  suffer  from  root  killing.  Winter  killing  of 
flower  buds  is  common  in  many  parts  of  this  country,  particularly  on 
such  crops  as  peach,  cherry,  and  almond.  It  also  occurs  on  apple, 
pear,  and  many  ornamental  plants.  Local  killing  of  the  bark  occurs 
on  trees  at  crotches,  at  the  base  of  the  trunk,  and  in  patches  variously 
located  on  branches  and  trunk.  Frost  cracks  and  splitting  and  loosen- 
ing of  bark  are  mechanical  injuries  to  trees  resulting  from  freezing. 

Sunscald  is  a  cold  injury  occurring  on  the  south  and  west  sides  of 
tree  trunks  and  branches.  In  cold  weather,  sunlight  falling  directly 
on  the  bark  may  warm  it  several  degrees  above  shaded  parts.  At 
sunset  the  temperature  drops  suddenly,  and  killing  of  the  bark 
results  either  from  the  rapid  fall  in  temperature  or  from  freezing  of 
tissues  temporarily  started  into  growth  by  the  heating  effect  of  the 
sun.  Such  practices  as  shading  or  wrapping  the  trunk  or  whitewash- 
ing to  reduce  absorption  of  heat  from  the  winter  sun  reduce  the  sun- 
scald  type  of  injury. 

Indirect  effects  of  low  temperatures  on  overwintering  plants  are 
heaving  of  soil,  resulting  in  breakage  or  exposure  of  roots;  the  smother- 
ing effect  of  ice  sheets;  and  breaking  of  trees  and  shrubs  by  snow  and 
sleet. 

Deleterious  effects  may  result  when  plants  are  subjected  to  low 
temperatures   above   freezing.     Growth  is  slowed   down,   elongation 
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is  reduced,  and  plants  become  dwarfed  and  more  compact  in  habit. 
Definite  injuries  result  from  chilling  many  typically  warm-climate 
plants.  Exposure  of  a  day  or  two  at  temperatures  from  slightly  above 
0°  C.  (32°  F.)  to  10°  C.  (50°  F.)  may  result  in  yellowing  of  foliage, 
dead  areas  in  the  leaves,  the  dropping  of  leaves,  and  even  the  death  of 
the  plant. 

Not  all  low-temperature  effects  are  harmful.  Many  plants,  includ- 
ing all  of  our  deciduous  fruit  trees,  have  a  "rest  period,"  during  which 
no  growth  takes  place,  even  when  all  external  conditions  are  favorable 
for  growth.  Shoots  of  woody  plants,  seeds,  bulbs,  tubers,  and  crown 
buds  may  exhibit  this  phenomenon.  Some  rather  drastic  treatments, 
by  cold,  chemical  vapors,  or  heat,  are  necessary  to  break  this  rest. 
Cold  is  the  natural  means  of  accomplishing  this  result.  Seed  stratifica- 
tion, cold  storage  of  bulbs,  and  chilling  of  rhubarb  roots  and  flowering 
stems  of  lilac  and  other  woody  plants  before  forcing  are  commercially 
applied  to  break  the  rest  period. 

Certain  plants  seem  to  require  a  period  of  low  temperature  during 
germination  and  early  seedling  stages  in  order  that  later  stages  of 
development  may  be  normal.  Winter  wheat  sown  in  spring  does  not 
head;  but  if  the  seed  is  partly  germinated  and  held  from  1  to  2  months 
at  temperatures  around  freezing  and  then  spring-sown,  a  crop  will  be 
produced.  This  method  of  shortening  the  vegetative  period  and 
hastening  seed  production  is  called  vernalization.  Many  cool-climate 
plants  respond  favorably  to  this  treatment. 

Effects  of  High  Temperatures 

The  effects  of  high  temperatures  on  plants  are  difficult  to  separate 
from  the  usually  accompanying  factors  of  high  light  intensity  and 
rapid  transpiration.  Above  the  optimum  growth  temperature  the 
rate  of  growth  drops  rapidly,  and  plants  become  dwarfed.  Temperate 
Zone  plants  under  tropical  conditions  tend  to  make  only  vegetative 
growth  and  to  fruit  sparingly  or  not  at  all.  Fruits  grown  where  sum- 
mer temperatures  are  excessive  for  the  variety  ripen  their  crop  pre- 
maturely, and  the  fruit  is  poor  in  flavor,  color,  and  keeping  quality. 
High  temperatures  cause  in  certain  varieties  and  strains  pollen  abnor- 
malities that  result  in  sterility  and  failure  to  produce  seed  or  fruit. 
Heat  treatment  of  floral  parts  is  used  as  a  means  of  inducing  poly- 
ploidy (multiplication  of  the  number  of  chromosomes)  in  plants. 
Tissue  injuries  resulting  from  high  temperatures  may  kill  local  areas 
on  leaves,  as  in  tipburn  of  lettuce  and  potatoes ;  scald  fruits — such  as 
strawberries  and  gooseberries;  discolor  and  cause  malformation  of 
flowers,  as  in  early  blooming  chrysanthemums  and  dahlias;  and  pro- 
duce heat  cankers  on  tender  plants  such  as  flax,  and  on  the  bark  of 
fruit  trees.  General  effects  of  excessive  heat  are  defoliation,  prema- 
ture dropping  of  fruits,  and,  in  extreme  cases,  death  of  the  plant. 

WATER  SUPPLY  AND  PLANT  DEVELOPMENT 

Water  supply,  from  rainfall  or  irrigation,  ranks  with  temperature  as 
the  great  determiner  of  where  plant  species  grow  naturally  or  can  be 
grown  agriculturally.  Within  the  great  belts  of  similar  temperature 
conditions,  it  is  more  important  than  any  other  factor  in  determining 
the  distribution  of  plant  species  and  agricultural  crops. 
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Plants  may  be  divided  into  three  great  groups  on  the  basis  of  the 
moisture  condition  to  which  they  are  adapted:  (1)  Hydrophytes — 
water  plants  or  water-loving  plants;  (2)  mesophytes — plants  adapted 
to  medium  moisture  conditions;  and  (3)  xerophytes — plants  able  to 
survive  under  conditions  of  extreme  moisture  shortage. 

Hydrophytes  may  grow  entirely  under  water,  or.  more  frequently, 
with  part  of  the  plant  structure  above  water  or  floating  on  water. 
Plants  in  this  group  are  usually  large-celled  and  have  thin  cell  walls 
and  thin  epidermal  covering.  They  often  have  a  relatively  poorly 
developed  root  system  that  can  survive  in  the  absence  of  oxygen. 
They  have  relatively  little  protection  against  water  loss.  Among 
important  agricultural  crops,  rice  most  nearly  approaches  the  typical 
hydrophyte.  Such  crops  can  be  grown  only  where  water,  from  either 
rainfall  or  irrigation,  is  extremely  abundant. 

The  mesophytes,  requiring  a  medium  amount  of  water,  include  the 
greater  proportion  of  our  agricultural  crops.  Such  plants  need  mod- 
erate soil  moisture  and  also  good  aeration  around  their  roots,  as  the 
root  system  must  have  oxygen  for  development.  They  have  moder- 
ately large  root  systems  in  proportion  to  the  tops.  Their  structures 
are  composed  of  medium-sized  cells  with  surface  covering  well  devel- 
oped to  prevent  excessive  water  loss.  Stomata.  or  pores,  in  the  leaves 
usually  close  under  conditions  of  incipient  leaf  wilting.  Thus  the 
plants  are  moderately  well  protected  against  water  loss. 

The  third  class,  xerophytes,  includes  plants  highly  resistant  to 
drought  conditions.  Usually  their  structure  is  such  that  water  loss  is 
reduced  to  a  minimum — leaves  are  small,  all  epidermal  coverings  are 
thick  and  heavily  covered  with  waxy  material  (cutinized),  stomata 
are  small  and  are  frequently  set  in  pits  instead  of  on  the  surface  of  the 
leaves,  and  cells  are  small  and  thick-walled.  Much  of  the  true  xero- 
phytic  vegetation  has  large  root  systems.  Such  plants  usually  grow 
slowly  when  moisture  is  available  but  are  highly  resistant  to  water 
loss  and  can  survive  long  periods  of  drying.  Since  they  are  generally 
slow  growing,  they  are  not  of  great  importance  agriculturally.  How- 
ever, the  native  xerophytic  vegetation  of  arid  sections  provides  some 
feed  for  livestock  and  is  important  in  reducing  soil  erosion. 

In  arid  regions,  in  addition  to  xerophytic  plants,  there  is  usually  an 
additional  flora  of  quickly  maturing  plants  that  grow  from  seed  and 
produce  flowers  and  fruits  during  short  seasons  when  rainfall  occurs. 
The  seeds  then  remain  in  the  ground  until  moisture  and  temperature 
conditions  are  again  favorable  for  growth.  Such  plants  are  meso- 
phytic  in  type  and  develop  only  when  moisture  is  ample. 

A  plant  properly  classed  as  a  mesophyte  tends  to  assume  some  of  the 
characteristics  of  xerophytes  when  grown  with  a  shortage  of  mois- 
ture and  some  of  those  of  hydrophytes  under  conditions  of  abundant 
moisture.  Thus  the  individual  plant  grown  with  abundant  moisture 
will  generally  have  larger  leaves,  larger  cells,  thinner  cell  walls,  and 
less  highly  developed  surface  coverings  than  plants  of  the  same 
variety  or  species  grown  under  conditions  of  deficient  water. 

The  Role  of  Water  in  Plants 

Most  growing  plants  contain  much  more  water  than  all  other  mate- 
rials combined.     C.  R.  Barnes  has  suggested  that  it  is  as  proper  to 
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term  the  plant  a  water  structure  as  to  call  a  house  composed  mainly 
of  brick  a  brick  building.  Certain  it  is  that  all  essential  processes  of 
plant  growth  and  development  occur  in  water.  The  mineral  elements 
from  the  soil  that  are  usable  by  the  plant  must  be  dissolved  in  the 
soil  solution  before  they  can  be  taken  into  the  root.  Tbey  are  carried 
to  all  parts  of  the  growing  plant  and  are  built  into  essential  plant 
materials  while  in  a  dissolved  state.  The  carbon  dioxide  from  the  air 
may  outer  the  leaf  as  a  gas  but  is  dissolved  in  water  in  the  leaf  before 
it  is  combined  with  a  part  of  the  water  to  form  simple  sugars— the 
base  material  from  which  the  plant  body  is  mainly  built.  Actively 
growing  plant  parts  are  generally  75  to  90  percent  water.  Structural 
parts  of  plants,  such  as  woody  stems  no  longer  actively  growing,  may 
have  much  less  water  than  growing  tissues. 

The  actual  amount  of  water  in  the  plant  at  any  one  time,  however, 
is  only  an  infinitesimal  part  of  what  passes  through  it  during  its 
development.  The  processes  of  photosynthesis,  by  which  carbon 
dioxide  and  water  are  combined — in  the  presence  of  chlorophyll  and 
with  energy  derived  from  light — to  form  sugars,  require  that  carbon 
dioxide  from  the  air  enter  the  plant.  This  occurs  mainly  in  the  leaves. 
The  leaf  surface  is  not  solid  but  contains  great  numbers  of  stomata,  or 
pores,  through  which  the  carbon  dioxide  enters.  The  same  structure 
that  permits  the  one  gas  to  enter  the  leaf,  however,  permits  another 
gas — water  vapor — to  be  lost  from  it.  Since  carbon  dioxide  is  present 
in  the  air  only  in  trace  quantities  (3  to  4  parts  in  10,000  parts  of  air) 
and  water  vapor  is  near  saturation  in  the  air  spaces  within  the  leaf 
(at  80°  F.  saturated  air  would  contain  about  186  parts  of  water  vapor 
in  10,000  parts  of  air),  the  total  amount  of  water  vapor  lost  is  many 
times  the  carbon  dioxide  intake.  Actually,  because  of  wind  and  other 
factors,  the  loss  of  water  in  proportion  to  carbon  dioxide  intake  may  be 
even  greater  than  the  relative  concentrations  of  the  two  gases.  Also, 
not  all  of  the  carbon  dioxide  that  enters  the  leaf  is  synthesized  into 
carbohydrates. 

While  the  air  spaces  inside  the  leaf  are  normally  at  or  near  saturation 
in  plants  not  in  a  wilted  condition,  the  moisture  in  the  air  surround- 
ing the  leaf  may  vary  from  full  saturation  to  as  low  as  10-percent 
saturation.  The  drier  and  hotter  the  air  surrounding  the  plant  in 
general  the  more  rapid  the  water  loss  in  proportion  to  carbon  dioxide 
intake.  Thus  in  the  drier,  hotter  areas  the  total  water  required  to 
grow  a  plant  to  a  given  size  will  be  greater  than  in  areas  where  the  air 
contains  greater  average  quantities  of  moisture.  Also  water  loss  is 
more  rapid  when  there  is  much  wind  than  on  a  still  day  with  the  same 
temperature  and  humidity. 

Water  enters  the  plant  primarily  through  the  root  system,  which  in 
most  plants,  at  least  those  growing  in  a  medium  to  dry  environment, 
is  usually  more  extensive  than  is  generally  realized.  Weaver  and 
Clements,  in  Plant  Ecology  (see  Selected  References,  p.  307),  state 
that  corn  in  open  soil  will  root  almost  as  deeply  as  the  height  of  the 
stalk  ;  that  the  roots  of  a  single  lima  bean  or  cabbage  plant  may  ramify 
through  200  cubic  feet  of  soil :  and  that  many  grasses  and  legumes  have 
roots  16  feet  deep  in  the  soil.  In  open  soils  planted  to  such  crops  it 
may  be  impossible  to  find  even  a  cubic  inch  of  soil  in  the  upper  2  or 
3  feet  that  is  not  penetrated  by  roots. 

The  amount  of  moisture  that  the  soil  will  hold  against  the  downward 
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force  of  gravity  is  termed  the  "field  capacity"  and  varies  in  general  with 
the  fineness  of  the  particles  making  up  the  soil.  The  moisture  is  held  in 
the  soil  as  films  of  water  around  the  soil  particles,  and  the  total  amount 
held  is  roughly  proportional  to  the  total  amount  of  these  surfaces. 
As  the  young  roots  penetrate  the  soil  they,  are  in  contact  with  these 
moisture  films,  and  the  water  enters  them  largely  as  a  result  of  the 
physical  process  called  osmosis.2 

Not  all  the  water  in  the  soil,  however,  can  be  absorbed  by  the  plant. 
If  the  films  of  water  surrounding  each  soil  particle  become  thin,  the 
rate  of  capillary  flow  becomes  less  until  the  root  is  no  longer  able  to 
absorb  water.  If  this  condition  is  reached  in  much  of  the  root  zone 
the  plant  wilts,  because  water  is  lost  more  rapidly  from  the  top  than 
it  is  supplied  by  the  roots.  The  point  at  which  the  roots  are  no  longer 
able  to  absorb  appreciable  moisture  from  the  soil  is  termed  the 
"wilting  percentage."  the  moisture  below  that  point  being  unavailable 
for  plant  use.  The  available  moisture  capacity  of  the  soil  is  the 
amount  of  water  available  for  plant  use  that  it  will  store,  or  the  amount 
between  field  capacity  and  wilting  percentage.  In  general,  the  mois- 
ture content  at  the  wilting  percentage  is  a  little  less  than  half  that  of 
field  capacity,  though  this  varies  in  different  soils. 

The  amount  of  available  water  that  the  soil  will  hold  varies  greatly 
with  the  soil  texture  and  structure.  Thus  coarse,  sandy  soils  may  not 
hold  more  than  half  an  inch  of  available  water  per  foot  of  depth. 
Moderate-textured  loam  soils  will  usually  hold  l){  to  2  inches  of 
available  water  per  foot  of  depth,  while  some  clay  soils  will  hold  as 
much  as  3  inches.  Thus  the  light,  coarse-textured  soils  that  hold 
little  available  water  are  known  as  droughty  and  are  of  value  agri- 
culturally only  under  conditions  of  very  frequent  and  regular  rainfall 
or  where  abundant  irrigation  water  is  available.  On  the  other  hand, 
soils  of  high  available  water-holding  capacity  frequently  will  store 
enough  water  to  mature  satisfactory  crops  even  though  no  rainfall 
occurs  during  the  period  of  crop  growth. 

It  is  possible  to  determine  the  relative  water  efficiency  of  different 
plant  species  by  determining  the  number  of  grams  or  pounds  of  water 
that  the  plant  uses  for  each  gram  or  pound  of  dry  matter  it  builds. 
The  ranges  for  a  number  of  agricultural  plants,  as  grown  under  arid 
conditions  at  Akron,  Colo.,  are  given  in  table  1.  summarized  from  the 
work  of  Briggs  and  Shantz  (p.  306).  The  water  used  per  pound  of 
dry  matter  produced  would  have  been  less  with  these  same  plants 
under  more  humid  atmospheric  conditions.  The  table  indicates  that 
the  most  efficient  crops  from  the  standpoint  of  water  utilization  used 
250  to  300  pounds  of  water  per  pound  of  dry  matter  formed,  while 
less  efficient  crops  used  as  much  as  1,000  pounds  of  water  for  each 
pound  of  dry  matter  produced. 

Generally  it  may  be  said  that  the  most  critical  period  for  water 
shortage  in  any  plant  species  is  the  period  during  which  it  is  making 
its  most  rapid  growth,  or  when  cell  division  is  occurring  most  rapidly. 


:  Whon  water  containing  dissolved  substances  is  separated  by  a  membrane  from  water  without  such 
substances  or  with  a  smaller  concentration  of  them,  the  water  will  pass  through  from  the  side  having  less 
dissolved  substances  to  the  side  having  more  dissolved  substances.  The  membrane  must  be  one  that  is 
permeable  to  water  but  not  to  the  dissolved  substances.  The  root-  absorb  water  from  around  the  soil 
particles  with  which  they  are  in  contact.  This  water  is  in  turn  replaced  by  capillary  flow  from  other  ad- 
joining or  nearby  soil  particles.  Soil  water  does  not  move  through  great  distances  by  capillary  action  to  the 
roots,  as  was  Once  supposed.  But.  wherever  the  root  concentration  IS  high,  the  movement  through  short 
distances  is  sufficient  to  dry  the  whole  mass  of  soil  occupied  by  the  roots  quite  uniformly. 
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In  crops  grown  for  their  seed,  the  most  critical  period  is  likely  to  be  at 
the  time  of  fertilization  of  the  flowers,  since  lack  of  water  at  that  time 
is  likely  to  result  in  failure  to  form  seed.  In  plants  grown  primarily 
for  their  leaves  and  stems,  such  as  the  forage  crops,  water  shortage  is 
likely  to  reduce  production  more  during  the  earlier  stages  of  develop- 
ment than  during  the  later  stages  before  harvest.  With  tree  fruits 
such  as  cherries  and  peaches,  which  grow  rapidly  just  prior  to  maturity, 
water  shortage  during  that  period  of  rapid  increase  in  size  is  the  most 
serious  from  the  standpoint  of  reducing  production. 


Table  1- 

-Water  usage  of  plants,  Akron,  Colo 

,  1911- 

-13 

Vari- 
eties 
tested 

Water  used  per 
gram  of  dry  matter 

Plant 

Vari- 
eties 
tested 

Water  used  per 
gram  of  dry  matter 

Plant 

Range  in 

varieties 

tested 

Mean 

Range  in 

varieties 

tested 

Mean 

Grain  crops: 

Number 

3 
5 
14 
11 

2 

4 
1 
4 
1 

1 
1 

1 

Grains 
268-341 
261-444 
285-467 
315-413 
376-390 
473-559 
502-556 

Grams 
293 
310 
322 
368 
383 
513 
534 
578 
597 
685 
710 
905 

571 
663 

Legumes-Continued 
Beans 

Soybeans 

Sweet  clover 

Peas.     Canada 

field 
Vetch.        

Number 
2 
2 

1 

2 
4 
2 
4 

1 
2 

'3 
1 

i  5 

Grams 
682-773 
672-815 

Grams 
728 

Millet 

744 

770 

Corn         

775-880 

690-935 
789-805 
651-963 

Teosinte 

Wheat 

788 
794 

Barley 

Clover 

Alfalfa 

Other  crop<=: 

Beets,  sugar 

Potatoes.  __ 

797 
S31 

Oats 

Rye 

559-622 

397 

Rice 

554-717 
539-743 

636 

Flax 

Crucifers 

640 

Legumes: 

Cotton          .  _  . 

646 

Cucurbits 

600-834 

791 

Chickpeas 

i  Kinds  rather  than  varieties. 


In  perennial  plants,  which  form  then*  flower  buds  during  the  season 
preceding  that  in  which  the  buds  flower  and  fruit,  moderate  water 
shortage  tends  to  result  in  increased  fruit-bud  formation.  Thus 
seasons  of  moderate  water  shortage  usually  are  followed  by  abundant 
bloom  the  following  spring  in  many  fruit  and  forest  trees. 

Many  of  the  basic  farm  practices,  particularly  in  regions  of  limited 
rainfall,  are  based  on  conservation  of  the  supplies  of  water  available. 
The  practice  of  summer  fallowing  is  primarily  to  secure  2  years'  rain- 
fall for  the  production  of  one  crop.  Such  practices  as  contouring  and 
mulching  are  based  in  part  on  securing  penetration  into  the  soil  of  all 
water  that  falls.  Clean  tillage  of  cultivated  crops  during  the  growing 
season  removes  the  competition  of  weeds  for  the  available  water. 
Irrigation,  whether  it  be  sprinkling  a  lawn  or  projects  embracing 
millions  of  acres,  is  supplying  water  to  plants  that  could  not  develop 
properly  without  it. 

Finally,  much  has  been  accomplished  and  more  is  possible  in  breed- 
ing varieties  of  agricultural  plants  that  will  thrive  and  produce  crops 
under  conditions  of  limited  water  supply. 

LIGHT  AND  PLANT  GROWTH 

The  effect  of  light  on  the  growth  and  development  of  green  plants  is 
manifest  throughout  nearly  their  entire  life  cycle.  When  the  embry- 
onic plant  is  resting  in  the  seed  under  relatively  dry  conditions,  it  can 
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be  exposed  to  daylight  or  stored  in  darkness  without  appreciably 
affecting  the  subsequent  germination  of  the  seed  or  the  growth  of  the 
plant.  However,  if  placed  under  suitable  conditions  of  humidity  and 
temperature  so  that  germination  begins,  the  seeds  of  some  plants  such 
as  Bermuda  grass,  bluegrass.  and  lettuce  become  light-sensitive  even 
before  the  seed  coat  is  broken,  and  germination  can  then  be  controlled 
to  some  extent  by  exposure  to  light. 

After  emergence  from  the  seed,  the  plant  in  most  instances  becomes 
extremely  photosensitive — sensitive  to  light — with  respect  to  growth 
in  length.  The  presence  of  light  decreases  and  the  absence  of  light 
increases  the  rate  at  which  the  stem  elongates.  Thus  the  seed, 
buried  in  the  soil  and  germinating  in  darkness,  sends  out  a  stem  that 
pushes  upward  very  rapidly  until  it  reaches  *the  surface.  The  rate  of 
elongation  is  then  checked  by  sunlight  and  increases  dining  the  night. 
This  rhythmic  growth  rate  by  day  and  night  is  manifested  by  many 
plants.  If  the  light  intensity  is  high,  the  stems  are  short  and  sturdy, 
but  if  dark,  cloudy  weather  prevails  the  stems  are  often  long  and  thin. 
Thus  light  affects  the  germination  of  the  seeds  of  some  plants  and  the 
rate  of  elongation  and  the  sturdiness  of  the  stems  of  many  kinds  of 
plants.  The  sensitivity  to  light  and  darkness  with  respect  to  stem 
length  is  maintained  in  most  succulent  plants  through  the  growing 
season. 

Light  also  becomes  an  important  factor  in  connection  with  the 
manufacture  of  food  soon  after  the  young  plant  extends  above  the  soil 
level.  Sufficient  food  is  stored  in  such  seeds  as  beans  and  corn  to  last 
the  seedlings  grown  in  darkness  approximately  2  weeks,  after  which 
they  can  no  longer  survive  in  darkness  because  of  an  inadequate 
supply  of  food.  The  leaves  of  plants  grown  in  darkness  do  not  become 
fully  expanded,  the  stems  grow  thin  and  elongated,  and  the  plants  do 
not  mature  seed.  On  the  other  hand,  seedlings  supplied  with  light 
soon  after  germination  and  well  before  the  food  supply  in  the  seed  is 
exhausted  soon  become  capable  of  manufacturing  carbohydrates,  pro- 
tein, and  other  plant  foods.  Under  favorable  conditions  of  iUiimina- 
tion  and  temperature,  seedlings  often  turn  green  very  rapidly  when 
first  exposed  to  light,  sometimes  within  1  to  3  hours.  With  the 
production  of  the  green  pigment,  chlorophyll,  the  process  of  carbohy- 
drate synthesis  begins,  and  the  plant  becomes  independent  of  the  food 
stored  in  the  seed. 

Light  also  affects  the  development  of  plants  through  the  effect  of 
the  length  of  the  daily  periods  of  illumination  on  the  production  of 
flowers,  fruits,  and  seeds.  Some  kinds  of  plants  grow  vegetatively 
during  the  long  days  of  summer  and  flower  only  in  the  short  days  of 
fall.  Others  grow  vegetatively  when  exposed  to  short  periods  of  daily 
illumination  and  flower  only  under  a  long  photoperiod  (period  of 
light).  Still  others  are  not  sensitive  at  all  to  the  relative  lengths  of 
day  and  night.  A  plant  that  more  readily  produces  flowers  when 
grown  with  a  relatively  short  daily  period  of  illumination  is  generally 
elassihVd  as  a  short-day  plant  and  one  that  flowers  more  readily  under 
relatively  long  daily  periods  of  illumination  as  a  long-day  plant.  A 
few  typical  short-day  and  long-day  plants  are  listed  in  table  2.  to- 
gether with  others  not  sensitive  to  day  length. 

Sensitivity  to  the  relative  length  of  daily  illumination  often  varies 
among  several  varieties  of  the  same  kind  of  plant.     Certain  varieties 
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Table  2. —  Typical  short-day  and  long-day  plants  and  plants  not  sensitive 

to  day  length 


Short-day  plants 


.Long-day  plants 


Plants  not  sensitive  to  day  length 


Maryland  Mammoth  tobacco 

(Nicotiana  sp.). 
Biloxi  soybean  (Soja  max). 
Ragweed  (Artemisia  sp.). 

Aster  (Aster  Unarifolius). 
Bean  (Phaseolus  multiflorus). 
Cosmos  (Cosmos  sulphur eus). 

Chrysanthemum  (Chrysanthemum 
morifolium). 


Hibiscus  (Hibiscus  sp.). 

Goldenrod  (Solidago  cuileri). 
Timothy  (Phleum  pratense). 

Radish  (Raphanus  satitus). 
Ryegrass  (Lolium  perenne). 
Chrysanthemum    (Chrysanthe- 
mum maximum). 
Cineraria  (Cineraria  multiflora). 


Asparagus  (Asparagus  plumosus) . 

Cyclamen  (Cyclamen per sicum). 
Tomato     (Lycopersicon     esculen- 

tum). 
Narcissus  (Narcissus  poeticus). 
Primrose  (Primula  obconica). 
Foxglove  (Digitalis  purpurea). 


of  chrysanthemum  will  flower  only  in  the  relatively  short  photo- 
period  of  late  summer.  The  same  is  true  of  varieties  of  radishes  and 
soybeans.  The  time  required  for  some  plants  to  mature  seed  is 
dependent  to  some  extent  upon  the  relative  lengths  of  day  and  night. 
As  an  example,  Biloxi  soybeans  planted  in  the  spring  and  grown  dur- 
ing the  relatively  long  days  of  summer  at  Washington,  D.  C,  failed 
to  mature  seed.  Comparable  plants  grown  at  the  same  time  but 
given  only  8  hours  of  daily  illumination  matured  seeds  within  2}i 
months. 

Thus,  by  artifically  controlling  the  length  of  the  daily  period  of 
illumination,  it  has  been  possible  to  bring  plants  into  flowering  at  a 
desired  time  and  to  induce  them  to  mature  seed.  In  breeding  experi- 
ments the  effect  of  the  relative  length  of  daily  periods  of  light  and 
darkness  on  flower  initiation  in  plants  has  been  of  importance.  By 
controlling  the  length  of  the  daily  period  of  illumination  it  has  been 
possible  to  induce  flowering  and  make  crosses  between  plants  with 
which  this  would  not  have  been  possible  under  natural  conditions. 
It  is  also  possible  to  induce  some  commercially  important  flowering 
plants  to  bloom  at  the  desired  time  by  artifically  controlling  the  length 
of  day  under  greenhouse  conditions. 

Although  the  mechanism  through  which  plants  respond  to  the 
relative  length  of  day  and  night  is  not  thoroughly  understood,  many 
interesting  observations  have  been  made  by  studying  plants  under 
artificially  controlled  conditions.  Thus,  if  the  stems  of  Biloxi  soy- 
beans are  exposed  to  8  hours  of  light  daily  and  the  leaves  are  kept  in 
the  dark,  the  plants  do  not  initiate  flowers,  whereas  if  the  leaves  are 
exposed,  the  plants  produce  flowers.  From  this  experiment  it  is 
evident  that  the  leaves  of  Biloxi  soybeans  are  sensitive  to  the  relative 
lengths  of  day  and  night  and  that  the  stem  is  not  sensitive.  From 
similar  experiments  it  has  been  shown  that  relatively  young  expanded 
leaves  are  most  sensitive  to  day  length.  From  numerous  experi- 
ments of  this  nature  the  important  effect  of  the  length  of  the  daily 
period  of  illumination  upon  plant  reproduction  has  been  demonstrated. 

Thus  light  affects  the  development  of  crop  plants  mainly  through 
affecting:  (1)  Their  structural  development,  (2)  their  food  production, 
and  (3)  the  time  required  for  certain  species  or  varieties  to  produce 
seed. 

Most  plants  are  sensitive  not  only  to  the  presence  of  light  but  to 
its  quality  and  intensity.  Under  artificially  controlled  conditions 
light  quality  has  been  found  to  affect  the  height  of  some  plants,  those 
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grown  in  red  light  often  attaining  a  greater  height  than  others  grown 
in  blue  light  or  in  daylight.  In  general,  however,  it  has  been  found 
that  plants  produce  more  solid  matter  per  unit  of  light  intensity  under 
the  complete  solar  spectrum  than  under  any  portion  of  it.  Variations 
in  the  quality  of  daylight  are  not  so  great  as  to  produce  a  significant 
effect  on  plant  growth. 

Light  intensity,  however,  varies  greatly  under  natural  conditions, 
and  since  most  plants  show  marked  response  to  these  changes,  the 
intensity  of  the  light  is  relatively  important  in  its  effect  on  growth. 
As  an  example,  bean  plants  can  be  made  to  attain  a  height  of  10  to 
12  inches  within  4  days  after  they  emerge  from  the  soil  by  growing  the 
plants  in  relatively  dim  light,  while  comparable  plants  grown  in 
sunlight  will  attain  a  height  of  only  3-4  inches. 

Light  intensity  also  has  an  important  effect  on  the  amount  of  solid 
matter  synthesized  by  plants.  In  general,  this  is  limited  by  cloudy 
weather  and  increases  noticeably  when  clear  weather  prevails.  Ex- 
cessively high  light  intensities,  however,  are  sometimes  deterimental 
to  the  growth  of  certain  plants.  Experiments  have  shown  that  sun- 
flower, buckwheat,  dahlia,  and  tobacco  grown  during  June  and  July 
produced  greater  dry  weight  of  tissues  when  slightly  shaded.  Many 
species,  however,  produce  the  maximum  dry  matter  under  high  light 
intensity,  if  available  water  is  ample.  Thus  crop  production  of  many 
species  reaches  its  maximum  under  irrigation  in  arid  regions  of  high 
light  intensity. 

The  response  of  plants  to  day  length  does  not  depend  on  the  intens- 
ity of  light.  The  flowering  of  a  plant  such  as  the  Biloxi  soybean  can 
be  delayed  for  a  prolonged  period  by  supplementing  daylight  with 
the  dim  light  from  a  20-watt  incandescent  lamp.  An  intensity  no 
greater  than  1/20000  of  full  sunlight  has  delayed  flower  initiation  in 
this  plant  over  prolonged  periods.  Thus  light  intensity  under  natural 
conditions  affects  principally  the  type  of  growth  and  amount  of  food 
synthesized  by  the  plant  but  is  relatively  unimportant  with  respect 
to  photoperiodic  responses. 

Although  light  affects  the  growth,  synthesis  of  food  materials,  and 
seed  production  of  many  kinds  of  plants,  it  is,  to  be  sure,  only  one  of 
several  environmental  factors  that  interact  to  cause  the  responses 
observed  under  field  conditions.  Thus,  a  plant  growing  under  natural 
conditions  is  often  subjected  to  a  period  of  high  light  intensity,  high 
temperature,  and  low  soil  moisture  at  the  same  time,  or  during  dark, 
cloudy  weather  it  may  experience  a  period  of  low  light  intensity,  high 
humidity,  and  relatively  low  temperature.  The  plant  responds  not 
to  these  and  other  environmental  factors  separately  but  rather  to  all 
factors  blended  to  make  up  a  composite  environment. 

The  farmer  can  do  nothing  to  modify  light  conditions  for  most 
crops.  High-priced  crops,  such  as  certain  types  of  tobacco  and  such 
drug  plants  as  ginseng  and  goldenseal,  are  grown  under  partial  shade. 
Greenhouse  operators  may  supply  additional  light  for  some  crops 
during  the  winter  and  partially  shade  their  houses  in  summer.  In 
general,  however,  light  intensity  and  duration  are  beyond  the  control 
of  the  plant  grower. 
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Influence  of 

Climate  and  Weather 

On  Growth  of  Corn 


By  Merle  T.  Jenkins 


THE  GREATEST  plant -breeding  job  in  the  world  was  done 
by  the  American  Indians.  Out  of  a  wild  plant  not  even  known 
today,  they  developed  types  of  corn  adapted  to  so  wide  a  range 
of  climates  that  this  plant  is  now  more  extensively  distributed 
over  the  earth  than  any  other  cereal  crop.  Modern  breeders 
are  carrying  on  this  work  and  making  important  discoveries  of 
their  own.     Here  is  the  story  of  what  climate  means  in  corn 


'  Merle  T.  Jenkins  is  Principal  Agronomist,  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant 
Industry. 
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Corn  is  grown  today  on  more  than  200  million  acres  in  all  the  suitable 
and  several  unsuitable  agricultural  regions  of  the  world.  The  annual 
crop  exceeds  4  billion  bushels  and  is  produced  from  latitude  58°  N. 
in  Canada  and  the  Union  of  Soviet  Socialist  Republics  to  latitude  40° 
S.  in  the  Southern  Hemisphere.  Corn  is  grown  below  sea  level  in  the 
Caspian  Plain  and  above  12,000  feet  in  the  Peruvian  Andes.  It  is 
in  fact  cultivated  in  more  widely  diverse  climates  than  any  other 
cereal  crop.  No  other  cereal  is  distributed  over  so  large  an  area,  and 
only  one  other — wheat — occupies  a  larger  acreage. 

The  wide  distribution  of  corn  throughout  the  agricultural  regions 
of  the  world  is  even  more  remarkable  when  it  is  realized  that  the  maize 
plant  is  of  American  origin  and  that  its  world-wide  distribution  has 
occurred  in  the  450  years  since  the  plant  wt\s  discovered  by  Columbus. 
This  rapid  and  extensive  distribution  has  been  possible  because  of  the 
previous  existence  in  America  of  widely  divergent  types  developed  by 
the  American  Indian  as  he  gradually  spread  the  culture  of  this  im- 
portant plant  over  much  of  the  Western  Hemisphere. 

Corn  is  unique  among  the  cereals  in  the  enormous  differences  that 
exist  among  strains  developed  to  meet  the  needs  of  diverse  conditions 
of  temperature,  moisture,  length  of  growing  season,  and  other  environ- 
mental factors.  Some  strains  grow  less  than  2  feet  tall,  require  60  to 
70  days  to  mature,  and  have  only  8  or  9  leaves,  whereas  others  require 
10  to  11  months  to  mature,  grow  more  than  20  feet  tall,  and  have 
42  to  44  leaves  (16). 2  Plant  height  and  number  of  leaves  are  corre- 
lated with  the  length  of  the  growing  period. 

Each  climate  has  its  characteristic  varieties.  Those  in  the  Northern 
States  are  5  to  8  feet  tall,  have  12  to  16  leaves,  mature  in  90  to  120 
days,  and  may  develop  several  tillers.  In  the  Corn  Belt  the  varieties 
are  S  to  10  feet  tall,  have  IS  to  21  leaves,  mature  in  130  to  150  days, 
and  usually  have  few  if  any  tillers.  Varieties  in  the  South  Atlantic 
and  Gulf  States  may  grow  to  a  height  of  10  to  12  feet  on  fertile  soils, 
have  23  to  25  leaves,  and  require  170  to  190  days  to  reach  maturity. 
Most  of  the  varieties  in  this  section  are  prolific — that  is.  they  produce 
two  or  more  ears  to  a  plant.  They  also  tiller  profusely  when  avail- 
able soil  fertility  and  moisture  permit. 

All  of  these  widely  divergent  climatic  types  of  corn  have  been 
developed  by  selection  over  a  very  long  period.  Unlike  most  of 
our  other  cereals,  corn  is  totally  unable  to  survive  in  the  wild.  It 
has  been  dependent  for  its  existence  upon  the  care  and  attention  of 
man  for  so  long  that  its  ancestral  form  even  is  unknown.  Unques- 
tionably the  early  American  Indian  was  responsible  for  the  develop- 
ment of  this  efficient  plant  from  its  primitive  or  ancestral  form  to  a 
high  state  of  perfection.  He  must  likewise  have  bred  the  climatic 
types  that  permitted  the  extension  of  corn  from  its  place  of  origin  in 
Central  America  or  Peru  (18)  into  the  other  agricultural  sections  of 
the  Western  Hemisphere.  These  include  Canada,  with  its  short 
growing  season,  the  semiarid  regions  of  the  Southwest,  the  subtropical 
regions  adjoining  the  Gulf  of  Mexico,  and  the  extremely  high  elevations 
of  the  Andes.  This  plant-breeding  accomplishment  of  the  American 
Indian  is  unrivaled  in  history.  While  the  accomplishments  of  the 
white  man  seem  dwarfed  by  comparison,  the  work  of  developing  strains 
better  suited  to  withstand  the  rigors  of  climate  is  still  actively  pursued. 

I  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  320. 
298737°— 41 21 
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CLIMATIC  REQUIREMENTS 
Temperature 

Corn  is  a  warm -weather  plant  that  requires  high  temperatures  both 
day  and  night  during  the  growing  season.  Finch  and  Baker  (7)  state 
that  practically  no  corn  is  grown  where  the  mean  summer  temperature 
is  less  than  66°  F.,  or  where  the  average  night  temperature  during  the 
3  summer  months  falls  below  55°.  The  production  of  corn  along  the 
northern  border  of  the  United  States  and  at  the  higher  elevations  in 
the  West  is  consequently  unimportant  in  spite  of  constant  efforts  to 
develop  strains  better  suited  to  these  regions.  The  region  of  greatest 
production  in  the  United  States  has  a  mean  summer  temperature  of 
70°  to  80°,  a  mean  night  temperature  exceeding  58°,  and  a  frostless 
season  of  over  140  days.  The  results  of  a  study  (13)  of  the  average 
temperatures  and  yields  during  the  16-year  period  1914-29  for  the  24 
States  from  New  York  westward  and  southward  which  produce  large 
crops  of  corn  without  irrigation,  show  that  the  States  with  the  largest 
average  yields  had  average  summer  temperatures  for  the  months 
of  June,  July,  and  August  of  68°  to  72°  F. 

While  strains  of  corn  differ  somewhat  in  their  temperature  require- 
ments for  germination  and  seedling  development,  few  are  able  to 
germinate  satisfactorily  below  50°  F.  Warm  weather  after  planting 
hastens  germination  and  early  growth.  At  55°  and  below,  the  ger- 
minating seedlings  of  most  strains  are  inclined  to  be  very  susceptible 
to  seedling  diseases.  Appreciable  differences  exist  among  both  inbred 
and  open-pollinated  strains  in  this  respect,  however,  and  efforts  have 
been  made  to  select  strains  suited  to  planting  in  cold  soil.  The  strains 
to  be  compared  have  been  planted  in  the  field  very  early  in  the  spring, 
or  their  germination  has  been  determined  at  low  temperatures  in  an 
ice  box.  Cold  Resistant  Golden  Glow,  a  selected  strain  of  Golden 
Glow  developed  by  the  Wisconsin  Agricultural  Experiment  Station, 
was  produced  in  this  manner. 

The  hard  seeds  of  the  flint  varieties  are  able  to  withstand  more 
adverse  conditions  of  soil  temperature  and  moisture  after  planting 
than  the  dents.  They  also  mature  more  rapidly,  and  the  grain  is  less 
injured  by  unfavorable  weather  in  the  fall.  During  the  past  hundred 
years  much  has  been  accomplished  in  this  country  in  extending  the 
dent  varieties  west  and  north  into  territory  where  flint  varieties 
formerly  were  grown.  Even  yet,  however,  the  principal  varieties 
grown  along  the  northern  and  western  margins  of  the  corn-producing 
areas  arc  (lints. 

Corn  flowers  and  ripens  much  sooner  when  grown  at  80°  than  at 
70°  F.,  and  temperatures  as  low  as  60°  greatly  retard  flowering  and 
maturing.  In  these  respects  temperature  produces  effects  upon  the 
corn  plant  similar  to  those  resulting  from  variation  in  the  length  of 
day. 

Although  corn  grows  best  in  warm  weather,  extremely  high  tem- 
peratures, especially  when  accompanied  by  deficient  moisture,  may 
be  injurious.  Plants  are  most  susceptible  to  injury  by  high  tempera- 
tures  at  the  tasseling  stage,  when  a  combination  of  high  temperature 
and  low  humidity,  resulting  in  extreme  desiccation,  may  kill  the  leave? 
and  tassels  and  prevent  pollination. 
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Inbred  lines  of  corn  and  hybrids  among  them  exhibit  great  differ- 
ences in  injury  from  heat  and  drought.  Some  strains  survive  with 
little  apparent  damage  while  others  are  severely  damaged.  Figure 
1  shows  the  differences  in  leaf  injury  suffered  by  two  inbred  hues  at 
the  K>naa*  Agricultual  Experiment  Station  in  1940. 

Hunter.  Laude.  and  Branson  fl2)  and  Heyne  and  Laude  (9)  re- 
ported that  it  was  possible  to  distinguish  between  strains  with  respect 
to  drought  tolerance  by  testing  seedling  corn  plants  under  controlled 
conditions.  They  obtained  essentially  the  same  order  of  relative 
resistance  among  strains  with  seedlings  subjected  to  artificial  heat 
as  was  noted  for  mature  plants  subjected  to  drought  and  heat  in 
the  field.  Heyne  and  Branson  (8)  studied  the  inheritance  of  tolerance 
to  heat  and  drought  in  inbred  lines  of  corn  and  crosses  among  them. 
Their  data  definitely  indicate  that  heat  tolerance  is  inherited.  The 
evidence  presented  by  all  these  workers  suggests  that  a  high-temper- 
ature test  of  seedling  plants  would  be  a  valuable  aid  in  the  breeding 
of  strains  resistant  to  heat  and  drought. 

Field  observations  on  inbred  lines  and  hybrids  have  shown  that 
some  strains  are  able  to  produce  viable  pollen  at  temperatures  at 
which  the  pollen  of  other  strains  is  not  viable.  Likewise,  the  silks  of 
some  inbred  lines  remain  viable  and  receptive  for  a  longer  period  in 
extremes  of  heat  and  drought  than  do  those  of  other  strains.  Both 
these  kinds  of  differences  are  important  in  breeding  improved  strains 
for  the  areas  where  heat  and  drought  are  severe. 

Mattice  (19)  studied  the  correlations  between  corn  yields  and 
numerous  climatic  factors  in  eight  Corn  Belt  States.  In  Minnesota 
high  yields  were  associated  with  warm  weather  during  the  summer. 
South  of  Minnesota  high  yields  accompanied  warm  weather  in  Septem- 
ber and  usually  in  April.  May.  or  early  June.     In  Missouri  high  tem- 
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peratures  in  July  and  August  resulted  in  low  yields.  In  South 
Dakota  and  Kansas  large  yields  were  associated  with  high  relative 
humidity. 

Precipitation 

The  annual  precipitation  in  the  regions  of  the  world  where  corn 
is  cultivated  varies  from  only  10  inches  in  the  semiarid  plains  of 
Russia  to  more  than  200  inches  in  tropical  Hindustan  (16).  In  the 
United  States  the  western  limit  of  production  coincides  approximately 
with  the  line  of  mean  summer  (June,  July,  and  August)  precipitation 
of  8  inches,  extending  somewhat  beyond  this  line  in  Nebraska  and 
Colorado,  while  in  Texas,  where  the  evaporation  and  the  loss  through 
torrential  rains  are  greater,  this  line  is  scarcely  reached.  The  annual 
precipitation  in  the  Corn  Belt  is  25  to  50  inches,  7  inches  of  which 
fall  in  July  and  August  (7). 

For  optimum  growth  and  grain  production,  corn  requires  a  plentiful 
supply  of  moisture,  well  distributed  throughout  the  growing  season. 
Moisture  requirements  reach  a  maximum  during  silking  and  tasseling. 
The  seasonal  moisture  requirements  are  associated  with  seasonal 
evaporation,  which  in  turn  is  influenced  by  temperature,  humidity, 
and  wind  movement.  The  areas  in  the  United  States  which  have 
well-distributed  rains  during  June,  July,  and  August,  averaging  3  to 
6  inches  a  month,  have  the  largest  average  yields. 

Early  experiments  by  King  (15)  in  Wisconsin  indicated  a  require- 
ment of  2.64  and  2.14  acre-inches  of  water  per  ton  of  dry  matter 
for  dent  corn  and  flint  corn,  respectively,  under  the  conditions  there. 
Kiesselbach  (14)  found  that  at  Lincoln,  Nebr.,  the  transpiration 
ratio — that  is,  the  number  of  pounds  of  water  used  by  the  plant  in 
the  production  of  1  pound  of  dry  matter — varied  from  261  to  445  in 
different  seasons.  This  is  equivalent  to  2.30  to  3.93  acre-inches  of 
water  per  ton  of  dry  matter.  Fully  half  of  the  total  water  was  tran- 
spired during  a  period  of  about  5  weeks — usually  the  hottest  and  driest 
part  of  the  season — after  the  plants  developed  their  maximum  leaf 
area.  The  water  requirements  in  the  different  seasons  were  closely 
associated  with  the  amount  of  evaporation. 

The  limiting  effects  of  deficient  moisture  on  corn  production  have 
been  met  to  a  certain  extent  by  the  development  of  strains  that  have 
lower  water  requirements  or  are  drought-resistant  and  by  agronomic 
practices  that  conserve  the  moisture  supply  and  make  it  more  avail- 
able to  the  plant.  The  lister  method  of  planting  and  the  use  of 
wide  spacing,  both  between  rows  and  between  plants  within  rows,  are 
common  in  areas  with  low  rainfall.  Conversely,  the  practice  of 
planting  on  top  of  beds,  with  intervening  water  furrows  to  drain  off 
the  excess  water,  is  common  in  areas  of  excessive  rainfall. 

Briggs  and  Shantz  (1 ,  2)  determined  the  water  requirements  of 
several  varieties  of  corn  and  of  the  hybrids  among  some  of  them. 
Esperanza,  a  hairy  Mexican  variety,  had  the  lowest  water  require- 
ments of  any  tested.  Collins  (5)  describes  this  variety  as  having  an 
extremely  shallow  root  system.  It  was  developed  on  the  tablelands 
of  Mexico,  where  the  rainfall  is  very  light.  The  rain  that  falls  during 
the  growing  season  comes  in  the  form  of  light,  misty  showers  in 
amounts  insufficient  to  penetrate  the  soil  deeply.  Kiesselbach  (14) 
has  shown  that  in  Nebraska  strains  of  corn  with  relatively  few  narrow 
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-  and  a  low  total  leaf  area  are  best  suited  to  areas  deficient  in 
moisture. 

CoL     a  -     -scribed  an  interesting  drought-resisting  adaptation 

of  the  corn  varieties  grown  by  the  Hopi.  Zuni.  and  Navajo  Indians 
in  the  semiarid  sections  of  New  Mexico  and  Arizona.  These  south- 
in  Indians  have  preserved  from  pre-Columbian  times  a  type  of 
corn  able  to  produce  fair  crops  in  regions  where  the  better  known 
varieties  of  the  East  fail  for  lack  of  sufficient  water.  They  commonly 
plant  their  crop  in  large  hills  which  may  contain  10  to  20  plants  and 
be  spaced  as  much  as  20  feet  apart  in  each  direction  (fig.  2  .  The 
soil  is  sandy  in  the  localities  selected  by  them  for  corn  growing  and 
the  surface  layers  are  dry  in  the  spring,  so  that    deep  planting  is 

n ary  in  order  to  place  the  seed  in  contact  with  moist  soil, 
planted  at  a  depth  of  a  foot  or  more,  the  varieties  grown  by  these 
Pueblo  Indians  are  able  to  force  the  growing  shoot  of  t:  ng  to 

the  surface  of  the  soil.     At  such  depths  the  seedlings  of  less  specialized 
varieties  die  before  reaching  the  surface. 

The  effects  of  short  periods  o:  -  -ummer  drought  are  sometimes 

avoided  by  the  early  or  late  planting  of  specially  developed  strains. 
For  example,  the  Mexican  June  variety  is  used  widely  for  late  planting 
Oklahoma.  New  Mexico,  and  neighboring  areas.  It  pro- 
duces more  satisfactory  yields  under  these  conditions  than 
other  strains.  This  variety  is  grown  also  in  the  irrigated  vail 
Arizona,  where  it  produces  pollen  satisfactorily  even  at  the  high  i 
temperatures. 

Willi  am -on  plan"  of  corn  culture  (20)  was  introduced  into 
South  Carolina  about  1906  and  still  is  used  to  a  limited  extent 
and  in  neighboring  States  in  areas  with  sandy  soils  and  deficient 
summer  rainfall.  The  essential  features  of  the  plan  consist  of  a 
severe  early  stunting  of  the  plants  to  reduce  their  vegetative  develop- 
ment and  better  enable  them  to  withstand  the  drv  weather  which 
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comes  later  in  the  season.     The  stunting  is  followed  at  the  proper 
time  by  liberal  applications  of  fertilizer  to  promote  grain  production. 

Sunshine 

Corn  requires  abundant  sunshine  for  maximum  yields  and  fails  to 
grow  normally  in  the  shade  or  during  extended  periods  of  cloudy 
Weather.  Burtt-Davy  (3)  states,  "It  is  noticeable  in  South  Africa 
that  in  cloudy  seasons,  like  that  of  1909-10,  when  there  was  nearly 
twice  as  much  cloud  as  usual  during  the  months  of  January  and 
February,  the  maize  crop  is  light."  Most  of  the  important  corn- 
growing  areas  in  the  United  States  probably  have  adequate  sunshine, 
although  Mattice  (19)  found  acre  yields  in  several  of  the  Corn  Belt 
States  associated  with  the  percentage  of  possible  sunshine  dur- 
ing certain  periods.  It  is  questionable,  however,  whether  this  indi- 
cates a  direct  effect  of  sunshine  or  an  indirect  effect  due  to  higher 
temperatures. 

OTHER  CLIMATIC  INFLUENCES 
Cold,  Frost,  and  Hail 

The  corn  plant  is  injured  by  freezing  temperatures  occurring  at 
any  time  during  the  growing  season,  but  early  fall  frosts  are  most 
serious.  Strains  differ  in  their  ability  to  recover  from  freezing  injury 
during  the  seedling  stage.  At  elevations  of  9,000  feet  the  Tara- 
humare  Indians  of  the  Sierra  Madre  Mountains  of  Mexico  grow  corn 
which  is  said  to  withstand  severe  freezes  even  when  the  plants  have 
reached  a  height  of  2  feet.  Most  strains,  however,  are  unable  to 
recover  from  freezes  occurring  when  they  are  6  inches  tall  or  taller. 

Strains  of  corn  also  differ  in  the  injury  they  suffer  in  the  fall  from 
low  temperatures  appreciably  above  freezing.  Holbert  and  Burlison 
(10)  report  that  some  strains  are  killed  by  a  temperature  of  45°  F., 
whereas  others  are  able  to  withstand  32°  for  several  hours  before 
being  seriously  injured.  Frosts  early  in  the  fall  before  the  grain  is 
mature  not  only  reduce  yield  but  damage  quality.  In  occasional 
seasons  extremely  early  frosts  have  resulted  in  large  amounts  of 
"soft"  corn,  which  it  is  extremely  difficult  to  save  from  complete  loss. 

Damage  to  corn  from  hail  occurs  somewhere  every  year,  although 
the  annual  losses  in  percentage  of  the  national  crop  are  not  large. 
In  local  areas,  however,  loss  is  occasionally  complete.  As  judged  by 
the  amount  of  hail  insurance  sold,  hail  losses  are  largest  in  the  mid- 
western  States  of  Kansas,  North  Dakota,  Iowa,  South  Dakota, 
Nebraska,  Minnesota,  and  Oklahoma  (6). 

The  most  frequent  hail  injury  consists  of  shredding  of  the  leaves, 
causing  loss  of  part  of  the  leaf  tissue.  In  severe  cases  the  entire  leaf 
blade  is  stripped  from  the  midrib.  When  the  hailstones  are  large,  the 
stalks  and  ears  may  be  bruised  and  broken  or  even  beaten  into  the 
ground. 

Reductions  in  yield  due  to  loss  of  leaf  tissue  are  roughly  proportional 
to  the  amount  of  tissue  lost.  The  reduction  in  yield  of  grain  from 
hail  injury  is  relatively  slight  when  the  plants  are  young,  increases 
gradually  to  a  peak  at  the  period  just  preceding  tasseling,  and  decreases 
again  as  maturity  is  approached. 


Influence  of  Climate  and  Weather  on  Growth  oj  Corn     •     315 

Length  of  Day 

Through  many  generations  of  selection  the  strains  of  corn  grown  in 
different  latitudes  from  the  Equator  to  the  northern  and  southern 
limits  of  corn  growing  have  become  adapted  to  the  length  of  day  in  the 
locality  in  which  they  are  grown.  Although  the  response  of  the  corn 
plant  to  changes  in  day  length  is  not  so  pronounced  as  that  of  some 
other  plants,  the  times  of  flowering  and  of  ripening  are  modified  readily 
by  changing  the  length  of  the  daylight  period. 

The  period  from  emergence  to  flowering  is  reduced  by  short  days 
and  increased  by  long  days.  The  flowering  of  early-maturing  northern 
varieties  adapted  to  long  summer  days  is  hastened  when  they  are  grown 
nearer  the  Equator,  where  the  summer  days  are  shorter.  Conversely, 
the  growing  season  of  southern  varieties  is  lengthened  and  a  larger  and 
more  luxuriant  vegetative  growth  is  produced  when  they  are  moved 
north,  away  from  the  Equator,  to  areas  where  the  summer  days  are 
longer. 

When  tropical  varieties  of  corn  are  grown  in  the  Corn  Belt  they  do 
not  flower  until  fall,  when  the  days  are  short.  Plants  of  a  tropical 
variety  grown  at  Arlington,  Va.,  subjected  to  an  8%-hour  day  for  34 
days  beginning  the  last  week  in  June,  began  flowering  during  the  second 
week  in  August,  whereas  those  grown  with  the  natural  day  length  did 
not  flower  until  late  in  September. 

The  later  ripening  and  more  luxuriant  vegetative  growth  resulting 
when  varieties  are  grown  where  the  summer  days  are  longer  than  those 
to  which  they  are  accustomed  are  two  reasons  for  the  use  of  southern 
varieties  of  corn  for  silage  in  many  northern  latitudes.  Hunt  (11) 
states  that,  "In  general  it  may  be  said  that  as  we  go  north  or  south  of 
a  given  latitude  a  variety  becomes  one  day  later  or  earlier  for  each  10 
miles  of  travel,  the  altitude  remaining  the  same." 

Wind 

Wind  probably  has  little  direct  influence  on  the  distribution  of  corn, 
although  it  often  has  had  an  important  effect  on  lodging  and  on  the 
methods  of  harvesting  the  crop.  Corn  binders  and  pickers  do  not 
function  satisfactorily  when  the  plants  are  badly  lodged.  Many  of  the 
new  corn  hybrids  are  much  more  resistant  to  lodging  than  the  older 
open-pollinated  varieties,  and  machine  harvesting  has  increased 
greatly  in  the  sections  with  large  acreages  of  hybrid  corn. 

Along  the  Gulf  coast  corn  suffers  severe  lodging  as  a  result  of  occa- 
sional tropical  hurricanes.  As  a  protection  against  wind  damage  it  is 
common  practice  in  the  southern  Mississippi  Delta  to  "bend"  the 
stalks  at  about  the  midpoint  so  that  the  upper  portion  of  the  stalk  and 
the  ears  hang  downward  (fig.  3).  The  bending  is  done  when  the  stalks 
are  nearly  ripe  but  still  have  sufficient  moisture  so  that  they  do  not 
break.  The  practice  of  bending,  or  doubling,  is  common  in  Central 
America  and  other  tropical  sections  where  the  plants  grow  extremely 
tall  and  heavy  winds  may  cause  serious  lodging.  In  some  sections 
where  wind  is  not  a  factor  the  practice  is  followed  as  insurance  against 
rain  and  bird  damage. 
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Figure   3. — A   hill   of   com 

plants    in    Mexico,    with    the 
.-talks    doubled    as   a   protec- 
tion against  damage  bv  wind, 
rain,  and  birds. 


Effect  of  Climate  on  Insects  and  Diseases 

In  the  Tropics  the  insects  and  diseases  which  attack  corn  are  much 
more  numerous  than  in  the  more  temperate  climates.  In  these  regions 
tropical  flints  are  grown  extensively  because  of  their  resistance  to 
these  pests,  particularly  those  that  attack  the  ears  in  the  fall.  Because 
of  their  horny  texture  the  seeds  of  flint  varieties  suffer  much  less  injury 
from  the  weevils  common  in  these  regions.  In  the  United  States  the 
varieties  commonly  grown  in  the  "Sugar  Bowl"  of  Louisiana  and  in 
Florida  are  Creole  Yellow  Flint  and  Cuban  Yellow  Flint,  both  of  which 
are  of  tropical  origin.  The  distribution  of  flour  corn,  on  the  other 
hand,  is  governed  by  the  demand  of  natives  for  a  soft  <pain  adapted  to 
primitive  methods  of  grinding  rather  than  by  climatic  requirements. 

Effect  of  Climate  on  Chemical  Composition 

Climate  influences  the  chemical  composition  of  corn,  although  the 
influence  is  less  marked  than  m  some  other  cereals.     Under  favorable 
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conditions  for  growth  and  maturity   corn   kernel?   are  plump,   well 
filled,  and  high  in  starch,  and  consequently  contain  relatively  I 
percentages  of  protein,  oil.  and  minerals.     Ir  has  been  observed  that 

in  favorable  seasons  when  the  acre  yields  were  high,  the  corn  received 
at  the  terminal  markets  was  relatively  low  hi  protein  and  oil  content. 
Available  information  indicates  little  or  no  consistent  difference  in 
the  composition  of  mature  corn  produced  in  different  climates.  As  a 
result  of  35  analyses  of  dent  corn  grown  in  the  Northern  States  and 
49  from  the  Southern.  Hunt  11  concludes  that  there  is  no  material 
difference  in  composition  due  to  climate. 

CLIMATE  AND  THE  GEOGRAPHICAL  DISTRIBUTION 

OF  CORN 

The  world  distribution  of  corn  based  on  average  acreages  from  1930  to  1934  is 
shown  in  figure  4.     During  this  period  221.4  million  acres  of  cori-  ^rown 

annually,  nearly  half  of  it.  103.5  million  acres,  in  the  United  Si  tf  the  total. 

1S4.3  million  acres  was  grown  in  the  Northern  Hemisphere  and  37.1  million  acres 
in  the  Southern.  In  spite  of  the  small  corn  acreage  in  the  latter,  Argentina,  with 
10.9  million  acres,  is  the  worlds  largest  corn-exporting  country.  During  the 
period  1930-34  it  annually  exported  nearly  six  times  a?  much  corn  as  its  i 
competitor  (Rumania^  and  more  than  40  times  as  much  as  the  United  Bl 
Following  the  drought  years  of  1934  and  1936.  appreciable  quantities  of  Argentine 
corn  were  imported  into  the  Unite  :  - 

North  America 

Corn  is  the  foundation  of  agriculture  in  the  Unit*  I  States  and  by  far  the  most 
important  cereal  crop.  It  exceeds  in  acreage  and  production  the  combined 
quantities  of  wheat,  oats,  barley,  rye.  buckwheat,  and  rice.  During  the  period 
1930-34  corn  was  grown  annually  on  an  average  of  103.5  million  acres,  and  the 
average  annual  production  was  nearly  2.3  billion  bushels.  The  distribution  of 
the  com  acreage  in  the  United  States  is  shown  in  figure  5.     Corn  is  grown  to  some 
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extent  in  every  State  in  the  Union.  During  the  past  century  corn  production 
has  moved  westward  {17)  and  now  centers  in  the  Corn  Belt,  the  region  of  fertile 
prairie  soils  extending  from  Ohio  westward  and  northward. 

Mexico  annually  grows  nearly  8  million  acre-  I  he  acreage  about  equaling 

that  of  all  other  crops  combined  (7).  Most  of  the  corn  is  grown  in  small  patches 
of  a  few  acres  by  very  primitive  methods,  and  the  yields  are  the  lowest  of  any  im- 
portant corn-growing  country.  The  principal  centers  of  production  are  in  the 
southern  section  of  the  country,  mostly  on  the  high  plateau  and  in  Yucatan. 

In  Canada,  corn  is  confined  largely  to  Kent  and  Essex  Counties  in  the  Province 
of  Ontario.  Corn  production  in  this  area  was  practically  wiped  out  by  the 
European  corn  borer  about  10  years  ago,  but  the  acreage  is  increasing  gradually 
at  the  present  time. 

South  America 

The  Argentine  Republic,  with  an  average  of  10. Q  million  acres  in  1930-34.  and 
Brazil,  with  9.5  million  acres,  are  the  principal  corn-producing  countries  of  -      tl 
America. 

Argentina  ranks  second  to  the  United  States  among  corn-producing  countries 
of  the  world.  Although  corn  is  grown  to  some  extent  throughout  the  Republic. 
except  in  southern  Patagonia,  the  principal  corn-producing  region  is  the  central 
area  of  the  grain  belt.  This  region  embraces  practically  the  entire  Provinces  of 
Buenos  Aires.  Santa  Fe.  Cordoba.  Entre  Rios.  and  the  eastern  part  of  the  Territory 
of  La  Pampa.  The  annual  rainfall  ranges  from  more  than  40  inches  in  Entre 
Rios  on  the  eastern  edge  to  18  inches  in  the  west.  Acre  yields  decline  markedly 
from  the  central  portion  where  rainfall  is  ample  to  the  drier  marginal  area.  The 
temperature  differences  between  the  northern  and  southern  limits  also  are  large. 
The  corn  crop  usually  suffers  from  excessively  high  temperatures  in  the  north  and 
in  general  lacks  sufficient  hot  weather  in  the  extreme  south.3 

Brazil  normally  grows  nearly  as  many  acres  of  corn  as  Argentina,  but  since  the 
country  is  much  larger  the  percentage  of  cropland  planted  to  corn  is  lower. 

Europe.  Asia.  Africa,  and  Australasia 

The  most  important  corn-growing  regions  of  Europe  are  the  Danube  Basin, 
the  U.  S.  S.  R..  Italy,  and  Spain.  Although  these  regions  lie  in  a  latitude  about 
5°  farther  north  than  the  Corn  Belt  of  the  United  States,  they  have,  with  the  ex- 
ception of  Italy,  very  similar  conditions  of  temperature  and  rainfall.  In  the 
Danube  Basin.  Rumania.  Yugoslavia.  Hungary,  and  Bulgaria  rank  in  corn  produc- 
tion in  the  order  named. 

In  Italy  most  of  the  corn  is  grown  under  irrigation.  The  chief  producing 
region  is  the  Po  River  plain,  though  one-fifth  of  the  total  land  under  corn  is  classed 
as  mountainous.  The  corn  acreage  of  Spain  is  concentrated  in  the  northwest 
section  of  the  country. 

The  principal  corn-producing  countries  of  Asia  are  China.  India.  Manchuria, 
and  the  Philippine  Islands.  The  rather  large  corn  acreage  of  India  is  concentrated 
mainly  on  the  alluvial  lands  of  the  Ganges  Valley  and  the  irrigated  lands  of  the 
Punjab  district.  Although  corn  has  become  a  staple  article  of  food  in  India, 
especially  among  the  hill  peoples,  its  relative  importance  is  small,  and  it  occupies 
less  than  3  percent  of  the  cropped  land. 

In  the  Philippine  Islands  corn  is  second  to  rice  as  a  srain  crop  and  leads  rice 
as  a  staple  food  in  a  limited  area. 

The  principal  corn-producing  sections  of  Africa  are  the  Union  of  South  Africa 
and  Egypt.  In  the  Union  of  South  Africa  most  of  the  corn  is  produced  in  the 
eastern  Provinces  where  the  average  rainfall  for  the  three  summer  months  is 
approximately  12  inches.  In  the  Transvaal  the  better  corn-producing  sections 
are  at  elevations  above  2.000  feet.  In  the  warm  coastal  region  of  Xatal  the  acre 
yields  are  larger,  but  relatively  less  corn  is  grown. 

Corn  in  Egypt  is  grown  entirely  under  irrigation.  The  crop  is  planted  in  July 
and  harvested  in  October  and  November.      It  is  irrigated  about  every  10  days. 

In  Australasia,  Java  and  Madura  have  5  million  acres  in  corn. 


1  Nyhus,  Pall  O.     argentine  torn.     U.  6.  Bur.  Agr.  Ecun.,  Foreign  Apr.  1:  393-41$.  illus.    1937. 
[Proee?se<l.] 
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Climate  and  Small  Grains 


By  S.  C.  Salmon 


THERE  ARE  definite  climatic  factors  that  determine  where 
each  of  the  small  grains  can  be  grown  economically,  less  econom- 
ically, or  not  at  all.  \^  ithin  the  areas  favorable  to  production, 
weather  conditions  during  fall,  winter,  spring,  and  summer 
have  a  marked  influence  on  growth,  yields,  and  the  quality  of 
the  harvested  crop.  All  of  these  relationships  are  interesting, 
most  of  them  are  important  to  producers,  and  some  are  by  no 
means  simple.  They  are  discussed  in  considerable  detail  in 
thi*  article. 


Salmon  is  Principal  Agronomist,  in  Charge  of  Wheat  Investigations,  Division  of  Cereal  Crops  and 
Diseases,  Bureau  of  Plant  Industry. 
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Since  small  grains  are  usually  grown  on  an  extensive  rather  than  an 
intensive  scale,  protection  from  unfavorable  climate  or  weather  such 
as  is  sometimes  possible  for  truck,  garden,  and  orchard  crops  is  im- 
practical. Much  has  been  accomplished,  however — and  more  can  be 
accomplished— by  growing  the  varieties  least  likely  to  be  damaged 
and  by  modifying  cultural  practices  so  that  losses  are  avoided  or 
reduced  to  a  minimum. 

The  Old  World — especially  the  Union  of  Soviet  Socialist  Republics 
and  northern  Africa — has  been  extensively  explored  for  varieties  that 
are  resistant  to  drought  and  to  diseases  of  various  kinds,  are  winter 
hardy,  or  mature  early  and  thus  escape  some  of  the  damage  that  would 
otherwise  occur.  Many  of  the  varieties  now  grown  in  the  United 
States  were  introduced  for  the  express  purpose  of  avoiding  or  reducing 
losses  from  these  hazards,  and  many  others  have  such  a  variety  as 
a  parent.  Losses  from  drought  and  hot  winds  have  been  materially 
reduced  in  this  way.  Likewise,  rust-resistant  varieties  have  greatly 
reduced  losses  in  areas  where  climate  and  weather  have  especially 
favored  these  diseases,  and  varieties  with  stiff  straw  have  been 
effective  in  reducing  lodging  in  wet  seasons.  Methods  of  reducing 
losses,  made  possible  by  a  more  complete  knowledge  of  climatic  and 
weather  hazards,  include  early  preparation  of  the  ground  to  assure  as 
far  as  possible  a  supply  of  moisture  and  nutrients  for  the  subsequent 
crop,  and  timely  planting  and  seeding  in  small-grain  or  corn  stubble 
or  in  furrows  to  reduce  winter  killing. 

CLIMATE  AND  THE  DISTRIBUTION  OF  SMALL 

GRAINS 

Small  grains,  except  rice,  are  generally  grown  where  the  annual 
precipitation  is  between  15  and  45  inches  and  are  grown  most  ex- 
tensively where  it  does  not  exceed  30.  Neither  the  minimum  nor  the 
maximum  limit  is  sharply  defined,  since  the  possibility  of  growing 
a  crop  depends  on  many  other  climatic  factors  and  on  economic 
conditions  as  well  Many  difficulties  can  be  overcome  if  the  value 
of  the  crop  is  sufficient  to  pay  the  extra  cost  of  production.  Wheat 
is  grown  in  Australia  {52)  2  and  in  the  Big  Bend  area  of  Washington 
State,  in  both  of  which  places  the  annual  precipitation  is  only  10 
inches  or  less  {21,  25,  43),  as  well  as  in  Argentina  {26),  South  Africa 
(£9),  and  the  northern  Great  Plains  of  the  United  States,  where 
rainfall  is  as  low  as  15  inches.  In  the  southern  Great  Plains,  where 
evaporation  is  high,  the  minimum  limit  is  about  17  inches.  Barley 
is  grown  without  irrigation  in  Egypt  where  the  annual  rainfall  is 
about  8  inches.  Production  year  after  year  with  these  small  amounts 
of  moisture  is  possible  only  where  the  distribution  of  rainfall  during 
the  year  and  other  climatic  conditions  are  favorable  and  where  the 
moisture  falling  in  two  or  more  years  is  stored  for  one  crop. 

The  scarcity  of  small  grains  other  than  rice  in  areas  of  high  rainfall 
is  due  in  the  main  to  indirect  effects  such  as  the  prevalence  of  diseases, 
including  rust,  scab,  mildew,  and  leaf  spots  of  various  kinds;  to  the 
leaching  of  plant  food  from  the  soil;  to  excessive  growth  and  lodging; 
and  to  difficulties  in  preparing  the  ground,  in  seeding,  and  in  harvesting 
and  caring  for  the  crop.     In  India  wheat  is  grown  where  the  annual 

J  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  339. 
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rainfall  is  60  inches  or  more,  but  most  of  the  rain  falls  during  the 
season  of  the  year  when  the  crop  is  not  growing.  Fortunately,  rice, 
with  its  high  moisture  requirement,  is  not  attacked  by  rust  and  is 
resistant  to  many  of  the  diseases  that  seriously  injure  other  small 
grains. 

The  distribution  of  crops  in  relation  to  temperature  is  determined 
mainly  by  the  length  of  the  growing  season,  the  minimum  winter 
temperature,  and  the  mean  and  mean  maximum  temperatures  im- 
mediately preceding  harvest. 

In  most  areas  where  crops  are  seriously  limited  by  a  short  growing 
season,  spring-sown  cereals  only  are  grown.  They  are  generally 
seeded  as  early  in  the  spring  as  possible,  usually  several  weeks  before 
the  last  killing  frost.  The  young  plants  usually  emerge  before  the  last 
frost  but  because  of  their  greater  tolerance  of  cold,  as  compared  with 
such  crops  as  corn  or  sorghums,  they  are  not  often  seriously  injured. 
Heavy  frost  in  the  late  summer  or  early  fall,  however,  before  the  crop 
has  matured,  kills  the  plants  and  results  in  the  production  of  immature 
grain.  With  feed  crops  this  may  not  be  serious,  but  wheat  that  is 
severely  frozen  before  it  is  mature  is  likely  to  be  unsuitable  for  milling. 
A  light  frost  may  cause  the  bran  to  wrinkle;  the  result  is  a  low-grade 
product,  though  there  may  be  little  damage  to  the  intrinsic  quality 
of  the  grain  (39,  48,  59). 

Winter  wheat  and  winter  rye  may  come  into  head  before  the  danger 
of  late  spring  frosts  has  passed.  Even  a  light  frost  (28°  to  30°  F.) 
may  kill  the  pollen  and  partly  or  completely  prevent  fertilization  of 
the  flowers.  Damage  of  this  kind  is  not  uncommon  in  the  United 
States  and  is  said  to  be  especially  destructive  in  Argentina.3 

Since  the  length  of  the  frost-free  period  is  a  matter  of  record  in  most 
countries,  it  is  a  convenient  measure  of  the  likelihood  of  frost  injury 
and  a  useful  index  of  the  possibility  of  growing  small  grains  in  moun- 
tain valleys  or  near  the  northern  limits  of  crop  production.  It  should 
be  noted  that  the  frost-free  period  is  shorter  than  the  growing  season 
available  for  most  small  grains.  Extensive  production  of  small  grains 
in  general  is  limited  to  areas  with  a  frost-free  period  of  100  days  or 
more  (60) .  Where  this  period  is  less  than  90  days,  production  is  pre- 
carious (14)  and  is  possible  only  by  prompt  seeding  and  use  of  the 
earliest  maturing  varieties.  Spring  barley  is  grown  farther  north  and 
at  higher  elevations  than  other  small  grains,  followed  closely  by  oats 
and  wheat  (24,  25,  62).  In  general,  rice  and  flax  require  a  somewhat 
longer  frost-free  period  than  other  small  grains. 

The  temperature  preceding  harvest  is  also  important.  If  tempera- 
tures are  too  low  grains  ripen  slowly,  and  if  the  growing  season  is  short 
they  are  likely  to  be  caught  by  early  frost.  High  temperatures  before 
harvest  also  may  be  injurious,  especially  if  accompanied  by  drying 
winds. 

It  is  generally  considered  that  the  northern  limits  of  fall-seeded 
grains  in  the  Northern  Hemisphere  are  largely  determined  by  winter 
temperatures;  yet  there  are  many  apparent  exceptions.  Young  plants 
of  rye,  wheat,  oats,  and  barley  do  not  die  as  long  as  the  crown  remains 
alive  (36,  56).  The  crown  is  usually  located  an  inch  or  more  below 
the  surface  of  the  ground  and  is  protected  more  or  less  by  the  soil, 

3  SllOLLENBERGER,  J.   H.      THE   GRAINS  OF  ARGENTINA   (PARTICULARLY   WHEAT  AND  CORN).      U.    S.   Bur. 

Apr.  ("hem.  and  Engin.,  ATK  20,  8pp.  1940.  [Mimeographed.] 
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by  snow,  and  by  stubble,  cornstalks,  or  other  crop  residues.  The  soil 
is  almost  always  warmer  than  the  air  during:  the  winter  and  much 
wanner  following  severe  and  sudden  drops  in  temperature,  because 
the  air  responds  much  more  rapidly  to  such  changes  {15).  The 
degree  to  which  the  plants  have  been  hardened  before  the  onset  of  winter 
is  also  fundamentally  important.  In  addition,  winter  grains  are  some- 
times killed  by  heaving,  by  "smothering"  (see  p.  327),  and  possibly  by 
physiological  drought,  all  of  which  conditions  are  only  indirectly 
related  to  winter  temperatures. 

Winter  rye  is  far  more  resistant  to  low  temperatures  and  is  grown 
farther  north  than  any  other  winter  cereal.  Xext  in  order  are  winter 
wheat,  winter  barley,  and  winter  oats.  There  are  no  true  winter 
varieties  of  flax,  rice,  or  buckwheat,  although  flax  is  sometimes  seeded 
in  the  fall  in  mild  climates  and  under  favorable  conditions  will  survive 
moderate  degrees  of  cold.  Neither  rice  nor  buckwheat  is  able  to  sur- 
vive temperatures  appreciably  below  freezing. 

Winter  temperatures,  together  with  length  of  day,  appear  to  be 
important  in  relation  to  the  southern  limit  of  winter  grains  and  also  to 
the  choice  of  varieties.  All  winter  grains  have  a  certain  degree  of 
"winterness."  which  can  be  satisfied  only  if  they  are  subjected  to  low 
temperatures,  or  short  days,  or  both  (39,  ^2),  for  a  period  of  several 
weeks.  In  tropical  and  subtropical  regions  the  relatively  long  winter 
days  and  short  period  of  low  temperature  or  the  absence  of  one  may 
fail  to  satisfy  these  requirements,  and  true  winter  varieties  may  head 
only  late  in  the  spring  or  not  at  all.  The  behavior  is  analogous  to 
that  of  true  winter  grains  when  they  are  sown  in  the  spring  in  tem- 
perate regions.  For  this  reason  varieties  of  the  cereals  grown  in  or 
near  the  Tropics  are  true  spring  types. 

The  fact  that  a  light  snow  cover  protects  the  plants  during  the 
winter  is  so  well  known  as  to  require  no  extended  comment.  Many 
investigators  have  called  attention  to  this  and  have  cited  evidence  to 
show  that  soil  temperatures  during  winter  are  generally  much  higher 
under  snow  than  where  there  is  no  snow  (11,  15). 

The  relation  of  snow  cover  to  the  distribution  of  winter  grain, 
however,  is  not  so  simple  as  it  might  seem.  One  would  expect  to  find 
winter  wheat  surviving  colder  winters  in  the  eastern  part  of  the 
United  States  than  in  the  Great  Plains,  because  of  the  heavier  snow- 
fall and  the  longer  period  the  snow  lies  on  the  ground  (29),  but  this 
is  not  the  case.  One  reason  is  the  lesser  resistance  to  cold  of  the  vari- 
eties generally  grown  in  the  East,  but  probablv  more  important  is  the 
fact  that  winter  killing  is  frequently  due  to  heaving  and  other  causes 
to  which  winter  temperatures  are  only  indirectly  related. 

In  general,  the  available  sunshine  is  more  than  adequate  for  the 
growth  of  small  grains  wherever  they  are  produced.  Jones  (27), 
however,  mentions  lack  of  sunshine  as  a  limiting  factor  in  the  growth 
of  barley  and  other  small  grains  at  high  elevations  in  South  America. 
Cloudy  weather  in  certain  years  has  been  shown  by  Tippctt  (53)  to 
affect  yields  of  grain  in  England,  and  Suneson  and  Peltier  (51)  have 
shown  that  variations  in  degree  of  cloudiness  and  solar  radiation  from 
one  year  to  another  is  related  to  the  hardening  of  winter  wheat. 
sowitech  (30)  found  that  shading  induced  the  formation  of  higher 
crowns  in  small  grains  and  that  this  in  turn  is  accompanied  by  more 
win t <>i  killing. 
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It  is  well  known  that  the  greater  length  of  the  summer  dav  toward 
the  Poles  is  an  important  factor  in  crop  production.  In  Alaska  (17), 
for  example,  grain  matures  at  Rampart  (65°30'  X.)  earlier  than  at 
Matanuska  (5°  farther  south)  because  of  the  influence  of  a  longer 
period  of  daylight  during  the  growing  season.  The  importance  of  a 
long  dav  in  growing  crops  at  northern  latitudes  has  been  emphasized 
by  Albright  (3),  Jasny  {24),  and  Zinserling  (62). 

The  world  distribution  of  small-grain  production  as  related  to 
climate  is  discussed  at  the  end  of  this  article. 

SEASONAL  INFLUENCES  ON  GROWTH 

The  growth  of  the  plants  and  the  final  yield  and  quality  of  the  grain 
depend  very  materially  on  the  weather  conditions  during  the  year. 
The  effect  of  weather  on  growth  and  yield  can  most  conveniently  be 
considered  in  relation  to  the  time  of  year  or  the  stage  of  development 
of  the  plant. 

Fall  Weather 

Fall  weather  affects  the  growth  and  development  of  spring-seeded 
small  grains  mainly  through  the  quantity  of  water  stored  in  the  soil 
and  the  quantity  of  plant  foods,  especially  nitrates,  made  available 
for  subsequent  growth. 

P^or  fall-seeded  small  grains,  autumn  weather  determines  also 
whether  the  seeds  germinate,  the  amount  of  growth  that  takes  place 
before  winter,  and  whether  the  plants  become  sufncientlv  hardened  to 
enable  them  to  survive  low  winter  temperatures.  Each  of  these  factors 
may  have  a  profound  influence  on  the  growth  of  the  crop  the  following 
spring.  If  moisture  in  the  surface  soil  is  deficient,  the  seed  may  not 
germinate  at  all.  or  it  may  germinate  the  following  spring.  If  it  does 
not  germinate  until  spring  and  temperatures  remain  high  after  emer- 
gence, the  plants  will  not  head  because  the  "winterness"  requirements 
are  not  satisfied.  In  any  event  the  crop  will  mature  late  and  conse- 
quently is  more  likely  than  usual  to  be  injured  by  rust,  heat,  and 
drought  later  in  the  year. 

The  amount  of  growth  made  during  the  fall  is  also  of  some  impor- 
tance, though  the  value  of  a  good  fall  growth  is  frequently  overesti- 
mated or  even  wrongly  estimated.  In  the  Eastern  States,  where 
heaving  is  apt  to  occur,  a  vigorous  growth  such  as  may  be  secured  by 
good  preparation  of  the  ground,  the  use  of  fertilizers  (32),  and  timely 
seeding  (23)  reduces  the  degree  to  which  plants  are  pulled  out  by 
heaving  and  tends  to  increase  yields.  In  semiarid  areas  excessive  fall 
growth  may  deplete  stored  moisture  and  nitrates,  or  when  moisture  and 
nitrates  are  more  abundant,  it  may  result  in  lodging,  in  either  case 
giving  a  smaller  yield  than  would  be  obtained  with  less  vegetative 
development  of  the  plants.  It  is  therefore  not  always  safe  to 
conclude  that  large  plants  in  the  fall  insure  a  good  crop  or  that 
small  plants  forecast  a  poor  crop. 

It  is  well  known  that  the  survival  of  winter  grains  during  cold 
weather  depends  very  largely  on  whether  they  have  become  hardened 
before  winter  sets  in  (12,  50).  Unburdened  winter-wheat  plants  may 
merely  injured  by  exposures  for  any  extended  period  to  tempera- 
tun-  of  15°  to  20°  F..  whereas  the  same  varieties  when  fully  hardened 
41 22 
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will  survive  temperatures  considerably   below  zero  without   serious 
injury. 

The  practical  effect  oi  subjecting  unhardened  or  incompletely 
hardened  grain  to  low  temperatures  is  illustrated  by  th  more 

than  60  percent  of  the  acreage  of  winter  wheat  in  Ohio.  Indiana,  and 
Illinois  in  December  1927  as  a  result  of  a  severe  freeze  following  a 
period  of  warm,  rainy  weather  during  which  the  plants  made  consider- 
able growth  and  had  no  opportunity  to  become  hardened.  Similarly, 
more  than  half  the  acreage  of  winter  wheat  in  Oregon  and  Washington 
was  killed  by  unusual  cold  preceded  by  warm  weather  in  lat- 
her 1924  and  it  was  necessary  to  reseed  to  spring  wheat  in  the 
spring  of  1925.  Winter  grains  are  not  infrequently  injured  by  sudden 
cold  following  spells  of  warm  weather  dining  the  winter. 

Just  what  takes  place  when  winter  grains  are  hardened  is  far  from 
clear.  It  appears  to  be  generally  accepted  that  the  important  changes 
include  (1)  a  slight  though  not  always  consistent  decrease  in  moisture 
conte         _       marked  decrease  in  the  amount  of  wate:  bat  can  be 

extracted  from  the  living  tissue  by  pressure.  (3)  an  hi' 
content,  r  -    in  free  water,  that  is.  the  water  in  the  t 

from  which  ice  will  be  formed  at  any  given  temperature.     An  inc: 
in  permeability  and  a  lowered  viscosity  of  the  protoplasm  accompany- 
ing hardening  in  certain  plants  has  recently  been  reported  (47). 

It  is  not  entirely  clear,  either,  just  what  effect  weather  dining  the 
fall  may  be  expected  to  have  on  these  various  changes.  Permeability 
is  increased  by  low  temperature,  drought,  and  other  conditions  that 
check  the  growth  of  the  plant-  It  has  been  known  for  many 

-  that  low  teniperatur  -  -  starch  in  the  plants  to  chan_ 

sugar,  and  weather  conditions,  principally  sunshine  and  tempera ~ 
favoring  photosynthesis,   would   be   expected   to   increase   the   total 
quantity  of  starch  and  sugar  in  the  plants.     The  evidence  supporting 
a  relation  between  hardening  and  the  accumulation  of  sugars  both    a 
result  of  increasing  the  total  quantity  of  carbohydrates  and  by  trans- 
formation from  starch  is  especially  convincing. 

Wixter  Weather 

In  areas  with  mild  climates,  fall-seeded  grains  continue  to  grow 
during  the  winter.  Of  more  general  importance,  however,  is  the  rela- 
tion of  weather  to  winter  survival  or  winter  killing.  Four  general 
causes  of  winter  killing  have  been  recognized,  and  naturally  the 
weather  conditions  that  determine  each  are  quite  different.  They 
I  )  the  freezing  of  the  plant       -  :  owns  or  roots  of  small  grs 

-  mothering."  and  (4  >  physiological  drought.  Drought 

en  been  sug^  -  an  important  cause  of  the  death  of 

grain  plants  in  dry  climates.     There  can  be  no  doubt  that  fall-seeded 

small  grains  die  as  a  result  of  winter  drought,  and  since  the  cau- 

death  appears  to  be  the  same  as  during  droughts  at  other  times  of  the 

such  losses  probably  should  not  be  attributed  to  winter  killing. 

Many  theories  have  been  proposed  to  accoimt  for  the  death  of 

plants  exposed  to  low  temperature.     The  oldest   and  the  one  that 

appears  to  be  most  generally  accept  protoplasm  is  injured 

by  the  formation  of  ice  within  the  cells  or  in  the  intercellular  spaces 

J).     It  is  not  merely  the  fact  that  ice  forms  that  is  fatal,  for  it  is 
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well  known  that  hardened  leaves  of   .  neat,  winter  rye,  and 

other  plan  Rather  it  appears  to 

i     quant  onditions  of  the  plan 

h e  degree  of  injury       <        r  mued  lowering  of  the 
Its  in  an  increase  in  the  quantity  of  ice  formed,  until  tlie 
lethal  point  is  reached.     L'nder  field  conditions  the  rate  of  fall  of  the 
air  temperature  and  the  duration  of  the  period  of  low  temperature  are 
important  because  of  I  material  lag,  already  referred  to,  in  the 

temperature  of  the  soil  surrounding  the  crowns  and  roots  of  the  plants. 
shown  by  several  investigator-  Jfi).  or  as  may  be  inferred 

from  their  work,  plants  decrease  in  hardiness  during  the  latter  part  of 
inter  season.     It  would  be  expected  therefore  that  cold  weather 
of  equal  severity  would  do  more  damage  in  late  than  in  early  winter. 
tving  occurs  as  a  result  of  alternate  freezing  and  thawing  of  soil 
seas  of  moisture.     Ice  Is  forming  beneatj 

the  soil  and  the  plants  along  with  it  (6).     When  ice 
soil  falls  back  into  place,  but  the  plants  do  not.     Repeated 
soon  raises  the  crowns  above  the  soil  surface 
and  t  lie  roots  (61)  or  at  least  exposes  them  and  the  crow 

_      mperatures  and  the  desiccating  effects  of  dry  winds.     Plants 
that  have  made  a  good  growth  in  the  fall  either  because  of  their  va- 
<jr  because  of  favorable  conditions  for  development  have  stronger 
(83)  and  are  less  likely  to  be  injured.     Heaving  occurs  princi- 
pally in  t  9  ere  it  has  usually  been  regarded  ai 

frequent  cause  of  winter  killing.     Recent  studies  indicate,  how- 
that    freezing    of    the    plants    is    more    important    than    has 
-d  (5). 
_.  under  an  ice  sheet  in  the  United  States  and  under 
in  northern  Europe,  is  often  referred  to  as  a  cause  of  winter 
killing  of  winter  grains  (24).     In  Europe,  infection  with  snow  mold 
ale)  is  common,  especially  when  the  plants  have  grown 
rapidly  in   the  fall  (46).     That  death  is  due  to  lack  of  oxygen,  as 
in  "smothering"  implies,  is  an  assumption  rather  than  a  proved 
Experimental  evidence  (o5)  indi  bat   there  is  no  lack  of 

_   n   under  a  deep  snow  cover  and  that  death  is  due  rather  to 
carbohydrate  exhaustion  and  the  breaking  down  of  the  protein  sub- 
stances,   which,    it    is    suggested,    favors   the   development    of  snow 
mold.     Often  when  ice  or  snow  melts,  the  subsoil  is  frozen,  and  in 
drainage  the  plants  may  be  covered  with  water 
Injury  may  then  be  due  to  an  excess  of  water  rather 
to  ice  or  snow  us  such. 
evidence   that  physiologicaJ  drought  causes  winter  killing  of 
small   _  tial  rather  than  direct.     The  assumption 

of    a    causal    relation    appears    to    have    arisen    from    the    common 
on   that   varieties  best  able  to  survive  the  cold  winters  of 
continental  clirna  narrow  leaves,  make  little  growth  in  the 

fall,  and  are  drpught-resistanl  -pared  with  many  less  winter- 

•  logical   drought  is  a  factor  of   im- 
rinter  killing  of  small  grains  cannot  be  stated  with 
nt  information. 
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Spring  and  Summer  Weather 

The  principal  spring-weather  factors  that  merit  consideration  are 
late  spring  freezes,  high  temperatures,  and  moisture  supplies. 

Early  spring  freezes  usually  are  not  very  destructive  to  spring- 
seeded  small  grains,  since,  with  the  exception  of  buckwheat  and  rice, 
they  are  not  easily  killed  and  usually  recover  very  quickly.  Losses 
do  occur,  however;  and,  as  noted  by  several  observers  (19,  57), 
the  damage  may  be  greater  than  is  commonly  supposed  even  though 
the  plants  are  not  killed.  Occasionally  spring  freezes  may  be 
sufficiently  late  to  catch  winter  rye  and  very  early  varieties  of 
winter  wheat  in  the  boot  stage.  If  the  freeze  is  severe,  damage  may 
be  extensive.  The  prospect  of  such  damage  has  without  doubt 
caused  the  growing  of  later  maturing  varieties  of  winter  wheat  in 
the  southern  Great  Plains  than  would  otherwise  be  the  case. 

Small  grains  differ  widely  in  susceptibility  to  injury  from  the 
freezing  of  the  young  plants.  In  general,  rye  is  the  most  hardy, 
followed  in  order  by  wheat,  oats,  barley,  flax,  and  buckwheat.  Winter 
wheat  and  winter  rye  in  the  unhardened  condition  are  more  resistant 
than  corresponding  spring  varieties.  There  are  marked  differences 
among  crop  varieties  (2.  19,  4U  57),  in  many  cases  greater  than  the 
average  or  commonly  observed  difference  among  the  crops  themselves. 
The  growing  of  the  more  resistant  varieties  has  undoubtedly  reduced 
losses  considerably. 

The  period  from  shooting  to  shortly  after  heading  is  often  referred 
to  as  a  criticial  stage  of  development,  especially  with  reference  to  the 
need  for  adequate  supplies  of  water.  It  is  in  reality  a  critical  stage 
of  development  with  respect  to  any  weather  factor  because  the  plants 
have  little  opportunity  to  recover  and  make  a  crop  if  they  are  injured 
and  because  at  this  period  they  are  very  susceptible  to  certain  types 
of  injury.  Pollen  may  be  killed  either  by  low  temperatures  or  by 
high  temperatures  that  do  not  destroy  other  portions  of  the 
plants  {5 4). 

It  is  common  knowledge  that  high  temperatures,  especially  if 
accompanied  by  wind  (that  is,  hot  winds),  when  the  plant  is  at  the 
heading  stage  or  between  heading  and  ripening,  may  seriously  inter- 
fere with  its  growth  and  development,  resulting  in  shrunken  grain 
of  low  test  weight  and  low  yield.  Since  the  air  temperatures  are 
usually  considerably  below  what  is  believed  to  be  lethal,  it  seems 
probable  that  much  of  the  injury  is  due  to  transpiration  in  excess  of 
the  ability  of  the  roots  to  absorb  moisture  from  the  soil  (U  31).  The 
ill  effects  of  moisture  deficiency  during  the  shooting,  heading,  and 
filling  period  are  easily  understood  in  the  light  of  the  large  transpiring 
surface,  the  rapid  growth  usually  being  made  under  the  influence  of 
the  favorable  temperatures  that  commonly  prevail,  and  the  inability 
of  the  plant  to  recover  from  severe  injury  at  this  time  of  the  year. 
It  should  be  noted  also  that  it  is  often  during  these  stages  of  develop- 
ment that  leaf  and  stem  rust  and  other  diseases  first  make  their 
presence  known.  Conditions  favorable  for  their  spread  and  develop- 
ment can  in  a  short  time  change  a  good  crop  prospect  into  a  dismal 
failure.  Under  such  conditions,  the  best  of  weather  preceding  this 
period  may  mean  very  little  so  far  as  the  final  yield  of  the  crop  is 
concerned. 
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EFFECTS   OF    WEATHER    ON   YIELD    OF 
SMALL    GRAINS 

Experienced  observers  usually  have  no  difficulty  in  determining 
whether  conditions  generally  have  been  favorable  or  unfavorable  for 
the  growth  of  a  crop.  It  is  quite  another  matter  to  translate  these 
conditions  into  prospective  bushels  per  acre.  Yet  that  is  what  each 
observer  would  like  to  do,  be  he  a  farmer,  a  processor  of  grain,  a  grain 
merchant,  or  a  crop  forecaster.  Crop  forecasts  in  general  are  based 
on  the  observed  condition  of  the  growing  crop  in  comparison  with 
that  in  past  years.  Since  the  variations  from  year  to  year  are  mostly 
due  to  weather,  the  question  naturally  arises.  "Why  cannot  yield 
predictions  be  made  directly  from  the  weather  records?"  Such  a 
procedure  if  successful  might  have  several  advantages — for  example, 
earlier  predictions  and  greater  accuracy. 

Apparently  the  earliest  attempt  to  estimate  a  crop  from  the  weather 
was  in  1874,  when  the  Governor  of  the  Barbados  Islands  showed  that 
the  size  of  the  sugar  crop  was  related  to  the  rainfall  of  the  preceding 
season  (7).  Many  attempts  to  correlate  weather  and  yield  have  been 
made  since  that  date. 

Since  about  1907  most  such  attempts  have  made  use  of  formal 
statistical  methods  in  which  deviations  from  the  average  of  the  weather 
factors  being  studied  are  compared  with  the  deviations  in  yield  from 
the  average  yield.  Thus,  if  over  a  period  of  years  it  is  found  that  fall 
precipitation  below  the  average  is  usually  followed  by  below-average 
yields,  and  vice  versa,  this  fact  may  be  useful  in  estimating  yields  in 
future  years.  Studies  of  this  kind  have  been  very  valuable  in  pro- 
viding information  regarding  crop-weather  relations,  but  the  method 
has  not  been  extensively  used  in  actually  making  yield  predictions 
prior  to  harvest.  The  relations  are  very  complex  (4,  20)  and 
much  more  must  be  known  before  reliable  estimates  of  yields  may 
reasonably  be  expected  by  this  method. 

The  moisture  content  of  the  soil  at  seeding  time,  which  is  largely 
determined  by  rainfall  in  summer  and  early  autumn,  has  recently 
been  used  as  a  guide  in  determining  the  acreage  of  winter  wheat  to  be 
seeded  in  the  western  Great  Plains  States  and  in  making  very  general 
estimates  of  the  yield  that  may  reasonably  be  expected  (18).  With 
dry  soil  or  soil  wet  to  a  depth  of  a  few  inches  only,  poor  yields  or  fail- 
ures usually  occur.  If  (fry  weather  continues  after  seeding  and 
throughout  the  winter,  the  probability  of  failure  is  so  great  that 
abandonment  of  the  crop  and  use  of  the  land  for  some  other  purpose 
is  usually  advisable.  If,  on  the  contrary,  the  soil  is  wet  to  a  depth  of 
3  feet  at  seeding  time,  only  unusually  adverse  conditions  subsequent 
to  seeding  may  be  expected  to  result  in  low  yields  or  failure.  More 
recently  the  study  of  the  relation  between  yield  and  moisture  in  the 
soil  at  seeding  time  has  been  extended  to  spring  wheat  in  the  Great 
Plains  with  gratifying  results  (9). 

CLIMATE  AND  THE  QUALITY  OF  SMALL  GRAINS 

It  is  well  known  that  climate  has  important  effects  on  the  quality  of 
small  grains.  The  term  "quality,"  however,  has  quite  different 
meanings  depending  on  the  use  to  be  made  of  the  grain.     Good  quality 
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always  suggests  freedom  from  damaged  grains  such  as  may  result 
from  sprouting  or  molding  in  the  field  or  heating  in  the  bin  after 
threshing,  etc.  To  the  miller  making  flour  for  bread,  good  quality 
also  means  high  test  weight  and  high  protein  content;  to  the  miller 
making  cake  or  pastry  flour,  high  test  weight  and  low  or  moderate 
protein  content;  to  the  maltster,  high  test  weight,  uniformly  plump 
grain,  high  starch  content,  and  viability;  and  to  the  flaxseed  processor, 
high  oil  content  and  satisfactory  drying  qualities  of  the  oil  (as  indi- 
cated by  iodine  number).  The  farmer  who  needs  feed  for  his  domestic 
animals  wants  grain  that  is  high  in  digestible  nutrients  and  has  a 
high  test  weight. 

Plump,  well-filled  grain  of  high  test  weight  may  usually  be  expected 
whenever  weather  conditions  after  heading  are  favorable  for  the 
continued  development  of  the  crop.  That  is,  an  ample  but  not 
excessive  supply  of  moisture;  temperatures  favorable  for  growth; 
sunshine;  and  especially  the  absence  of  conditions  that  induce  lodging, 
burning,  or  firing  of  the  crop,  damage  from  diseases,  etc.  Such  condi- 
tions in  general  are  well  known  and  require  no  further  discussion. 

Probably  there  is  no  relation  between  climate  and  crops  that  has 
attracted  more  interest  from  investigators  or  has  proved  more  con- 
fusing than  that  between  climate  and  the  protein  content  of  grain. 
The  Interest  arises  from  the  great  importance  of  protein  in  deter- 
mining the  suitability  of  grains  for  various  purposes,  and  the  con- 
fusion" because  of  the  great  multiplicity  of  factors  that  determine 
protein  content,  of  which  climate  is  only  one. 

It  is  generally  admitted  that  the  protein  content  of  all  small  grains 
tends  to  be  high  in  hot,  dry  climates  and  low  in  moist,  cool  climates. 
The  Great  Plains  of  the  United  States  and  Canada,  the  plains  of 
Russia,  and  the  Danubian  countries,  characterized  in  general  by 
deficient  moisture  and  generally  high  temperatures  preceding  harvest, 
are  noted  for  grain  that  is  hard  and  of  high  protein  content.  Great 
Britain,  Germany,  and  the  eastern  section  of  the  United  States,  on  the 
other  hand,  with  ample  rainfall  and  moderate  summer  temp  era  tures, 
produce  grain  that  is  generally  soft,  high  in  starch,  and  low  in  protein. 
Most  early  investigators  attributed  to  climate  the  principal  or  only 
role  in  determining  protein  content. 

There  was  evidence  to  show  that  most  of  the  nitrogen  (a  necessary 
constituent  of  protein)  used  by  the  plant  was  absorbed  before  it  came 
into  head,  whereas  photosynthesis  and  the  elaboration  of  carbohy- 
drates continued  until  the  grain  was  practically  ripe.  Lawes  and 
Gilbert,  at  Rothamsted,  noted  in  1884  that  long  periods  of  growth 
after  heading  tended  to  produce  plump,  well-filled  grain  with  a  high 
starch  but  a  low  protein  content.  A  long  growth  period  after  heading, 
often  referred  to  as  the  fruiting  period,  is  known  to  be  characteristic 
of  grain  grown  in  cool,  moist  climates,  and  a  short  fruiting  period  of 
those  grown  in  hot,  dry  climates.  The  length  of  the  fruiting  period, 
therefore,  came  to  be  regarded  as  the  determining  factor.  It  seemed 
logical  that  if  nitrogen  absorption  ceased  at  the  time  of  heading  or 
soon  thereafter  and  photosynthesis  continued  until  the  grain  was  ripe 
or  nearly  so.  any  factor  that  reduced  the  length  of  the  fruiting  period 
would  reduce  the  amount  of  starch  without  affecting  the  total  amount 
of  protein  and  hence  would  increase  the  percentage  of  the  latter.  It 
^nown  that  a  shorter  fruiting  period  also  was  often  associated 
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northern  Intermoimtain  States — Montana,  Idaho,  and  Utah — where 
flax  is  grown  to  a  limited  extent.  It  is  certain  that  temperatures  of 
95°  to  100°  F.  or  higher  are  injurious  to  flax  in  the  filling  stage,  that  is, 
between  blossoming  and  ripening.  For  this  reason,  flax  of  lower 
quality  is  generally  produced  in  the  Central  States  and  in  hot  seasons 
in  more  northern  areas.  In  California  and  Texas  the  crop  matures  in 
late  April,  before  high  temperatures  occur. 

WHERE  SMALL  GRAINS  ARE  GROWN 

The  average  annual  world  production  of  small  grains,  exclusive  of  that  of 
China,  is,  in  millions  of  short  tons:  Wheat.  137;  oats,  72;  rye.  51;  barley,  48: 
rice,  65:  and  flaxseed,  4.  China  is  known  to  be  an  important  producer  of  rice, 
wheat,  and  barley  (10),  but  records  of  acreage  and  production  are  mostly  lacking; 
recent  estimates  (10)  4  suggest  a  rice  crop  roughly  two-thirds  of  that  of  the  re- 
mainder of  the  world,  a  wheat  crop  about  equal  to  that  of  the  United  States,  and 
barley  equal  to  or  exceeding  that  of  the  United  States  and  Canada  combined. 
Buckwheat  is  of  minor  importance,  occupying  in  Europe  only  about  2  percent 
and  in  the  United  States  less  than  one-half  of  1  percent  as  many  acres  as  are 
devoted  to  other  small  grains. 

The  principal  small-grain-producing  regions  are  North  America,  Europe,  China, 
India,  Argentina,  and  Australia.  Northern  Africa  grows  considerable  barley  and 
wheat.  Small  grains  are  also  grown  in  South  Africa,  on  the  west  coast  of  South 
America,  and  in  Mexico.  The  production  in  the  latter  regions,  though  important 
locally,  is  of  little  consequence  in  world  volume.  The  acreage  of  wheat  in  various 
countries  of  the  world  is  indicated  in  figure  1. 

Production  in  Other  Countries 

Europe  is  the  most  important  more  or  less  continuous  small-grain-producing 
area  in  the  world.  More  than  95  percent  of  the  rye,  60  percent  of  the  oats,  about 
one-half  the  wheat  and  barley,  about  23  percent  of  the  flaxseed,  and  nearly  1  per- 
cent of  the  rice  of  the  world  (excluding  China)  are  produced  there.  Climatic 
conditions  generally  are  favorable.  Precipitation  is  deficient  in  portions  of  Spain 
and  in  the  southern  and  eastern  European  parts  of  the  Union  of  Soviet  Socialist 
Republics  but  is  reasonably  ample  and  well-distributed  elsewhere.  Summers  gen- 
erally are  cool,  and  evaporation  is  moderate  or  low.  Except  in  the  eastern,  cen- 
tral, and  northern  European  parts  of  the  Soviet  Union,  the  winters  are  relatively 
mild.  To  a  considerable  degree,  therefore,  and  throughout  much  of  the  continent. 
soil  and  economic  considerations  rather  than  climate  determine  the  crops  that  are 
grown.  Some  of  the  most  productive  varieties  now  grown  in  the  United  States 
had  their  origin  in  some  part  of  Europe. 

A  large  percentage  of  the  small-grain  crops  of  Argentina,  principally  wheat  and 
flax,  enters  international  trade.  About  half  the  world's  crop  of  flaxseed  is  pro- 
duced in  that  country.  The  small  grains  are  grown  mostly  in  a  broad  belt  about 
600  miles  long  beginning  near  the  northern  border  and  extending  southward 
through  the  eastern  half  of  the  country.5  The  annual  rainfall  of  the  region  varies 
from  a  minimum  of  about  15  inches  in  the  west  and  southwest  to  about  40  inches 
in  the  northeast  (26).  Winters  are  open  and  mild,  the  mean  temperatures  cor- 
responding roughly  with  those  of  the  Cotton  Belt  of  the  United  States. 

India,  including  Burma,  produces  more  than  50  percent  of  the  world's  rice  crop, 
exclusive  of  that  of  China,  about  half  as  much  wheat  and  barley  as  the  United 
States,  and  slightly  more  flaxseed  than  the  United  States.  The  rice  is  grown 
principally  on  the  lower  flood  plain  of  the  Ganges  River  in  northeast  India  and 
along  the  coasts  of  the  Indian  Peninsula.  The  temperature  is  high,  and  rainfall 
in  many  places  is  so  plentiful  that  irrigation  is  not  necessary.  Wheat,  barley, 
and  flax  are  grown  in  the  interior,  where  the  rainfall  is  less  and  the  temperature, 
especially  during  the  winter  and  early  spring,  when  the  crop  is  grown,  is  lower. 
These  grains  are  seeded  in  the  fall  after  the  monsoon  rains  and  are  harvested  in 
the  spring  before  the  onset  of  hot  weather. 

.  4  R?9?I3J'1R-  Feed  J-    agrici-ltvre  ™  chixa.    U.  S.  Dept.  Apr..  Off.  Foreign  Agr.  Relations,  Foreign 

Apr.  3:  [429H»,  illus.    1939.    [Processed.] 

ip  XT"^d'l  PAUL  °'     ARGENTINE  WH£at.     U.  S.  Bur.  Agr.  Econ.,  Foreign  Agr.  2:  323-348,  illus.     1938. 
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The  principal  small-grain  crop  of  Australia  is  wheat.  Oats  and  barley  are 
grown,  but  they  are  relatively  unimportant.  Practically  all  the  small  grains  of 
Australia  are  grown  in  a  narrow  belt  paralleling  the  sea  coast  on  the  south  and 
bordering  the  "interior  desert.  The  annual  rainfall  ranges  from  about  10  to  25 
inches,  occurring  mostly  during  the  winter.  The  winters  are  so  mild  that 
spring  varieties  may  be  seeded  in  the  fall  without  danger  of  winter  injury.  Feder- 
ation? which  is  one  of  the  principal  varieties  grown  in  the  Pacific  Northwest  of 
the  United  States,  was  introduced  from  Australia. 

Production  in  the  United  States  and  Canada 

The  United  States  and  Canada  combined  grow  about  one-sixth  of  the  world 
tonnage  of  small  grains.  Of  this,  wheat  accounts  for  about  47.5  percent,  oats  38 
percent,  barley  12.5  percent,  and  flaxseed  and  rice  about  1  percent  each,  rice 
nroduction  being  limited  to  the  United  States. 


Wheat 


Four  rather  distinct  wheat-producing  areas  may  be  recognized  (tig.  2).    These 
are  (1)   the  eastern  winter-wheat,   (2)   the   hard  winter-wheat,    (3)   the  hard  red 
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Figure  2. — Wheat  acreages  and  regions  of  the  United   States  and  Canada. 

spring,  and  (4)  the  western  region.  The  eastern  winter-wheat  region  grows 
principally  soft  red  winter  varieties  but  also  a  small  amount  of  soft  white  and 
hard  red  winter  varieties. 

The  eastern  region  is  characterized  by  usually  ample  and  seldom  excessive  rain- 
fall, and  by  moderately  cool  but  not  severe  winters,  except  in  the  northern  part, 
where  the  ground  is  usually  covered  with  snow  during  the  coldest  part  of  the  year. 
The  boundary  between  the  eastern  region  and  the  hard  red  winter-wheat  region 
on  the  west  is  indistinct,  but  is  generally  considered  to  be  roughly  the  isohyet  (line 
of  equal  rainfall)  of  30  or  35  inches  of  annual  rainfall.  Because  of  the  relatively 
high  rainfall,  most  of  the  wheat  of  this  region  has  soft  grain  of  low  protein  content 
which  produces  a  flour  most  satisfactory  for  pastries,  such  as  cakes,  cookies,  pies, 
etc.  When  because  of  growing  conditions  the  protein  content  of  the  wheat  is 
high  or  when  it  is  blended  with  high-protein  wheats  from  other  regions,  most  of 
it  makes  very  satisfactory  bread  flour. 
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Figure  3. — The  acreage  of  oats  in  the  United  States  and  Canada. 


best  price,  but  in  general  it  is  produced  only  in  areas  of  moderately  high  rainfall. 
Elsewhere  barley  is  grown  mostly  for  feed  and  must  compete  with  other  crops 
on  a  feed  basis. 

The  principal  barley-producing  area  centers  in  Minnesota  and  the  two 
Dakotas,  with  a  northern  extension  into  Manitoba  and  Saskatchewan,  Canada 
(fig.  4),  and  an  eastern  extension  across  southern  and  central  Wisconsin  to 
northern  Illinois.  Higher  yields  as  compared  with  those  of  oats  and  spring 
wheat  and  in  much  of  the  area  the  need  for  a  feed  crop  to  replace  corn,  which 
cannot  be  grown  there  satisfactorily,  account  for  this  rather  extensive  production. 
A  second  area  of  considerable  importance  is  in  northwestern  Kansas,  south- 
western Nebraska,  and  northeastern  Colorado.  Here  barley  is  often  grown 
where  winter  wheat  has  not  survived  the  winter.  Barley  also  fits  in  well  with 
corn  in  this  area.  Barley  is  likewise  grown  in  scattered  localities  throughout 
the  intermountain  area  and  the  Pacific  Northwest,  where  it  is  used  mainly  for 
feed.     In  all  these  areas  the  crop  is  grown  from  spring  sowing. 

Winter  barley  is  grown  sparingly  throughout  the  South,  with  some  tendency 
toward  increased  production  there  in  recent  years.  As  with  other  winter  crops, 
the  northern  limits  are  determined  by  winter  temperature  and  the  western  limits 
largely  by  winter  temperature  and  moisture  for  germination  in  the  fall. 

Barley  is  also  grown  from  fall  seeding  in  the  central  valleys  of  California,  the 
varieties,  however,  being  of  spring  type,  as  is  the  case  with  wheat  in  the  same  area. 

Rice  is  grown  in  the  United  States  only  in  sections  where  the  growing  season  is 
relatively  long,  the  summer  temperatures  relatively  high,  and  supplies  of  water 
for  irrigation  abundant.  Comparatively  level  land  with  good  surface  drainage 
and  a  tight  soil  or  subsoil  that  will  hold  "water  is  also  essential.  There  are  three 
principal  producing  areas:  (1)  the  broad  level  prairies  of  southwestern  Louisiana 
and  southeastern  Texas,  (2)  the  Grand  Prairie  section  of  eastern  Arkansas, 
and  (3)  the  Sacramento  and  San  Joaquin  Valleys  of  California  (28)  (fig.  5). 

In  the  Arkansas,  Louisiana,  and  Texas  areas  the  land  is  prepared  and  the  rice 
seeded  in  much  the  same  way  as  for  other  small  grains.  After  the  rice  emerges 
the  ground  is  flooded  for  60  to  90  days  or  more  during  the  growing  season.  In 
California  the  common  practice  is  to  submerge  the  land  and  then  broadcast  the 
rice  on  the  surface  of  the  water.     Airplanes  are  commonlv  used  for  this  purpose. 

Flax  has  been  grown  at  one  time  or  another  in  most  of  the  States  from  the 
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Figure  4. — The  acreage  of  barley  in  the  TJnited  States  and  Canada. 


Atlantic  coast  west  to  its  present  principal  area  of  production.  So  far  as  climatic 
requirements  are  concerned,  the  crop  can  be  grown  with  more  or  less  success 
anywhere  within  this  range. 

Rye  is  relatively  unimportant  in  the  United  States  and  Canada.  On  most 
of  the  good  soils  yields  of  rye  are  less  than  those  of  other  small  grains.  Before 
the  World  War,  much  of  the  rye  of  the  United  States  was  grown  on  the  sandy 
soils  of  Wisconsin  and  Michigan  with  smaller  areas  on  depleted  soils  of  New  York 
and  Pennsylvania.  There  has  since  been  a  marked  shift  in  acreage  to  the  Spring 
Wheat  Belt.  Rye  is  also  used  as  a  winter  cover  and  green-manure  crop  in  the 
South,  especially  on  sandy  soils.  The  present  principal  area  of  production  centers 
in  North  Dakota  and  Minnesota,  extending  far  north  into  Canada,  with  scattered 
areas  south  of  the  Great  Lakes  to  Pennsylvania  and  Maryland  and  southwest  to 
Nebraska  and  Kansas  (fig.  5).  Rye  is  more  resistant  to  low  winter  temperatures 
than  any  other  cereal.  The  ability  of  the  crop  to  grow  more  rapidly  at  low 
temperatures  increases  its  efficiency  in  using  moisture  and  may  be  important  in 
dry  areas.  The  lower  temperature  optimum  of  winter  rye  also  makes  it  useful 
for  winter  pasture  in  the  South,  and  its  early  maturity  allows  it  to  escape  much 
of  the  injury  from  drought  suffered  by  other  crops. 

The  present  principal  seed-flax-producing  area  coincides  very  closely  with  that 
of  spring  wheat,  extending,  however,  slightly  farther  east  (fig.  6).  A  second  area 
of  considerable  importance  is  in  southeastern  Kansas.  Flax  wilt  and  weeds  have 
been  the  principal  factors  in  crowding  flax  out  of  older  cultivated  areas.  Wilt- 
resistant  varieties  are  now  available  and  the  crop  probably  could  be  produced 
wherever  it  was  formerly  grown,  although  economic  conditions,  rather  than  cli- 
matic factors,  have  operated  against  this. 

In  recent  years  flax  has  become  an  important  crop  in  California,  and  much 
3i  in  it  lias  developed  also  in  Arizona  and  in  south  Texas,  where  it  is  grown 
as  a  cool-season  or  winter  crop.  Flax  has  been  grown  for  fiber  and  seed  in  western 
Oregon  and  Washington  for  40  years  or  more  and  to  a  limited  extent  as  a  seed 
crop  in  Idaho.  Seed  flax  was  first  grown  commercially  in  California  in  1934  as 
an  outgrowth  of  experiments  begun  in  1927  by  the  California  Agricultural  Ex- 
periment Station  and  the  United  States  Department  of  Agriculture  at  Kl  Centre 
About    1,700,000    bushels   were   grown   on    108,000  acres  in    1939.      A  somewhat 
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FiGt-RE  6.— Tbe  acreage  of  flax  srown  for  deed  and  that  of  rice  in  the   Coil 
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similar  development  alone  the  Gulf  coast  in  soot  resulted  in  a  crop  of 

about  200,000  bushel?  on  about  1S.OO0  acres  in  I 

Both  in  California  and  Texas  flax  is  sown  in  1  >  not  s  I 

annual,  however,  and  will  not  survive  as  low  tern: 
and  oats.     January  temperatures  as  loi  :   20c  F.  and  ew  r  have 

:  r ported  in  son.'.  -  t  caused  little  or  no  permanent  damage  I 

seeded  the  preceding  Hard  freezes  at  la-       -     _  >ment — for 

example,  the  blossom  or  g:  -'age — aremorr-         -       The  plant  not 

more  susceptible  to  injury  at  I  -     but  also  lias  little  tunc  er  and 

mature  before  the  onset  of  hot  summer  weather.     Frosts 

March,  when  the  pla  blossom  or  near  the  blossoming  stage,  are  among 

the  most  serious  hazards  to  flax  growing  in  the  San  Joa.  Sacramento 
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Climate  and  Sorghum 


By  J.  H.  MARTEN- 


SORGHUM  HAS  proved  to  be  enormously  useful  to  agri- 
culture in  areas  too  hot  and  dry  to  grow  corn  well.  In  recent 
years  its  usefulness  has  been  considerably  extended  by  the 
production  of  new  varieties  and  the  study  of  cultural  practices. 
Here  are  facts  that  will  help  in  understanding  the  peculiarities 
of  this  crop  and  in  getting  the  most  out  of  it. 


1  J.  H  mist,  in  Charge  ot  Sorghum  and 

-     -  in<i  Diseases,  Bureau  of  Plant  Lados) 

(343) 
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Sorghum  is  grown  largely  in  parts  of  Africa,  Asia,  America,  and 
Australia  that  are  too  dry  or  too  hot  for  successful  corn  production. 
It  furnishes  feed  for  millions  of  farm  animals.  The  plant  is  a  native 
of  the  Tropics,  and.  although  many  varieties  now  available  are  adapted 
bo  temperate  regions,  warm  weather  is  required  for  its  successful 
growth.  Grain  sorghums  (milo,  kafir,  hegari,  etc.)  are  grown  for 
grain  or  forage,  and  sorgos  (sweet  or  "cane")  for  forage  or  sirup. 

Sorghum  is  grown  throughout  almost  all  of  agricultural  Africa  and 
in  nearly  all  portions  of  India  except  the  northern  mountainous  region. 
It  is  an  important  crop  in  Manchuria,  northern  China,  and  Chosen 
(Korea)  and  is  grown  considerably  in  Iran  (Persia),  Arabia,  and  other 
parts  of  the  Near  East  and  the  Mediterranean  regions.  The  crop 
occupies  about  10  million  acres  in  the  United  States.  Smaller  acre- 
ages are  found  in  Argentina,  Australia,  and  many  other  countries. 
The  breeding  or  introduction  of  new  varieties  by  agricultural  research 
agencies  has  aided  greatly  in  extending  the  region  to  which  sorghums 
are  adapted. 

Until  recently  grain  sorghum  in  the  United  States  (fig.  1)  was 
confined  largely  to  sections  having  a  mean  July  temperature  of  75°  F. 
or  higher,  an  average  frost-free  period  of  160  days  or  longer,  and  an 
average  precipitation  of  17  to  40  inches  (especially  those  with  17  to 
25  inches).  Sorgos  may  be  grown  farther  north  than  the  grain 
sorghums,  since  they  are  used  largely  for  forage  and  it  is  therefore 
not  so  necessary  that  they  ripen  completely.  Although  well  adapted 
to  survive  drought,  sorghums  do  not  produce  satisfactory  yields  in 
regions  without  a  summer  rainfall,  such  as  the  western  part  of  the 
United  States.  Under  irrigation,  however,  they  are  grown  successfully 
in  dry  sections  of  California  and  Arizona. 

In  recent  years,  when  seasons  were  warmer  and  drier  than  the 
average,  grain-sorghum  production  has  been  extended  northward 
and  westward  into  sections  formerly  restricted  largely  to  sorgo  (fig.  2) 


I  iciKh    L.— Distribution  of  grain  sonrlunns  in   the   United  States.    I92«. 
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Figure  2. — Distribution  of  sorghum  harvested  for  forage  in  the  Dnited  States  in  1934. 

and  corn — a  development  made  possible  by  new,  improved,  early- 
maturing  varieties.  These  new  varieties,  including  Sooner,  Colby, 
Early  Kalo,  Coes,  and  Highland,  are  able  to  evade  many  of  the  ill 
effects  of  drought  and  short  seasons.  They  were  developed  by  the 
United  States  Department  of  Agriculture  in  cooperation  with  State 
agricultural  experiment  stations  to  fill  an  acute  need.  The  limits  of 
production  now  reach  to  sections  where  the  average  annual  precipita- 
tion is  15  to  17  inches,  the  average  frost-free  period  130  to  140  days, 
and  the  long-time  mean  July  temperature  70°  F.  (though  in  recent 
years  the  latter  mean  in  these  sections  has  approached  75°).  There 
is  also  a  more  intensive  production  of  sorgo  in  South  Dakota,  Nebraska, 
and  other  States  in  which  formerly  it  was  grown  only  occasionally. 

CHARACTERISTICS  AND  REQUIREMENTS 

In  the  area  where  sorghums  are  grown  extensively  (fig.  1)  the  acre- 
age exceeds  that  of  corn,  largely  or  entirely  because  of  the  greater 
ability  of  sorghums  to  produce  a  crop  under  dry,  hot  conditions. 
This,  in  turn,  appears  to  be  related  to  several  striking  characteristics, 
including  (1)  ability  to  remain  dormant  during  drought  and  then 
resume  growth,  (2)  high  resistance  to  desiccation  (drying  out),  (3) 
low  transpiration  ratio,  (4)  large  number  of  fibrous  roots,  and  (5) 
ability  to  produce  a  crop  from  tillers  and  branches  that  develop  after 
rains  occur.  The  relatively  impervious,  corky  epidermis  (skin)  of 
sorghum,  with  its  abundant  wax  covering,  retards  the  drying  of  the 
stalks  and  leaves  much  as  in  cactus.  The  inherent  perennial  growth 
characteristic  of  sorghum  enables  it  to  produce  new  tillers  whenever 
moisture  becomes  available  if  drought  has  not  been  too  prolonged  and 
the  plants  have  not  been  subjected  to  freezing.  Corn  lacks  many  of 
these  characteristics  or  possesses  them  only  to  a  lesser-  degree. 

In  those  parts  of  the  United  States  where  the  yield  of  corn  is  as 
much  as  two-thirds  that  of  grain  Borgum,  fanners  in  general  prefer  to 
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stow  corn  because  of  greater  certainty  of  obtaining  a  stand  in  cool 
soil,  less  risk  of  damage  in  storage,  higher  feeding  and  market  value, 
the  ability  of  cornstalks  to  stand  longer  after  maturity  and  thus 
extend  the  harvest  period,  and  the  better  adaptability  to  feeding  to 
some  classes  of  livestock  without  threshing  or  grinding. 

The  minimum  temperature  for  the  germination  of  sorghum  seeds  is 
45°  to  50°  F.  and  the  minimum  for  subsequent  plant  growth  about  60°. 
Well-advanced  sorghum  plants  are  killed  by  temperatures  slightly 
below  freezing.  Newly  emerged  seedlings,  however,  have  survived, 
in  part,  temperatures  as  low  as  19°.  Some  young  plants,  1  to  3  weeks 
after  emergence,  have  recovered  after  freezing  at  temperatures  down 
to  25°,  but  they  were  killed  by  a  temperature  of  21°  under  field 
conditions. 

Sorghums  are  usually  planted  after  the  soil  is  warm  and  the  danger 
of  frost  is  over.  The  advantages  of  this  practice  have  been  demon- 
strated repeatedly  in  date-of-planting  experiments.  The  growling 
season,  therefore,  is  limited  by  the  date  of  the  first  fall  frost  rather 
than  by  that  of  the  last  in  the  spring.  In  the  United  States  the  lead- 
ing sorghum  varieties  normally  require  100  to  120  days  to  mature, 
though  some  of  the  very  early  ones  may  be  ripe  in  80  days  from 
planting.  Since  all  sorgums  normally  are  not  planted  until  after  the 
average  date  of  the  last  frost  in  the  spring,  the  grain  types  are  generally 
not  a  successful  crop  where  the  frost-free  season  is  less  than  about 
160  days  for  most  varieties,  or  130  for  the  earliest  varieties.  Damage 
from  fall  frosts  is  minimized  by  proper  choice  of  varieties  and  planting 
dates. 

The  optimum  temperature  for  the  growth  of  sorghum  is  not  known, 
but  the  best  yields  are  secured  where  the  mean  July  temperature  is 
80°  to  85°  F.,  and  high  yields  are  seldom  obtained  where  the  mean 
July  temperature  is  less  than  75°.  Sorghum  plants  have  survived 
repeated  exposure  to  air  temperatures  of  120°  to  140°  in  a  greenhouse 
in  summer.  Observations  suggest,  however,  that  maximum  tem- 
peratures much  above  100°  are  somewhat  detrimental,  especially 
when  the  plants  are  approaching  the  heading  stage.  The  sorghums 
respond  normally  to  Linsser's  "law"  regarding  heat-unit  requirements. 
According  to  this  law  (a  modification  of  Livingston's  law,  discussed 
on  p.  295),  "The  heat  required  to  produce  a  given  phase  of  plant 
development  bears  a  constant  ratio  to  the  total  positive  heat  units 
in  a  particular  locality.' '  It  was  found  in  experiments  in  three  differ- 
ent localities  2  that  sorghums  ripened  when  almost  exactly  53  percent 
of  the  total  seasonal  heat  units  above  a  minimum  growing  tempera- 
ture of  50°  had  accumulated.  In  response  to  optimum  date  of  plant- 
ing sorghums  follow  Hopkins'  bioclimatic  law  rather  closely.  Thus 
when  the  best  date  of  planting  in  a  particular  locality  has  been  estab- 
lished, the  corresponding  date  for  some  other  locality  can  be  calculated 
by  a  consideration  of  altitude,  latitude,  and  longitude.3 

Sorghums  are  short-day  plants;  that  is,  heading  and  flowering  are 
hastened  by  short  days  and  delayed  by  long  days.  Most  varieties 
from  the  Tropics  when  grown  in  the  United  States  will  not  head 
because  the  days  in  summer  are  too  long — 14  hours  or  more  of  daylight 

•  Vinall,  H.  N.,  and  Reed,  H.  R.    effect  of  tempreature  and  other  meteorological  factors 
on  the  growth  of  sorghtms.    Jour.  Agr.  Res.  13:  133-148.     1918. 

M  viiTiN,  John  H.,  et  al.  spacing  and  date-of-seeding  experiments  with  grain  sorghums.  U.  S. 
Dept.  Agr.  Tech.  Bui.  131,  47  pp.,  illus.     1929. 
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in  June.  Locally  adapted  varieties,  however,  will  head  and  mature 
grain  even  with  days  as  long  as  16  hours.  In  southern  Florida, 
sorghums  have  been  planted  experimentally  in  the  fall  and  then 
subjected  to  short  days  and  moderate  to  relatively  high  temperatures. 
The  result  has  been  greatly  restricted  vegetative  growth.  On  the 
other  hand,  the  high  temperatures  of  summer  in  the  Plains  States 
tend  to  increase  the  effect  of  the  long  days  in  delaying  heading  and 
in  increasing  vegetative  growth.  The  plants  grow  taller  there,  and 
more  leaves  are  formed.  Thus,  with  favorable  growing  conditions, 
early-maturing  varieties  often  grow  larger  in  the  North  where  the 
days  are  long  than  in  the  South. 

The  yields  of  sorghums  vary  greatly  from  year  to  year,  depending 
mostly  on  temperature  and  moisture  supplies  and  also  on  the  distribu- 
tion of  moisture  during  the  year.  In  the  southern  Great  Plains 
very  low  yields  or  failure  of  grain  sorghum  may  be  expected  when 
the  precipitation  during  the  crop  year  is  less  than  11—12  inches  on 
sandy  soils  and  less  than  13-14  inches  on  heavier  loam  soils.  The 
frequency  of  failure  to  produce  grain  is  reduced  by  thin  planting  and 
wide  spacing  of  rows  or  by  planting  drought-escaping  varieties. 
Within  certain  limits  each  inch  of  rainfall  above  the  minimum  may 
result  in  an  average  additional  production  of  2  to  2y2  bushels  of  grain 
under  good  cultural  conditions. 

In  northwest  Texas  and  elsewhere  under  conditions  of  limited  mois- 
ture sorghum  yields  are  closely  associated  with  the  quantity  of  water 
in  the  soil  at  planting  time.  Between  planting  and  the  heading 
period,  the  total  rainfall  seldom  exceeds  the  water  utilized  by  the 
crop  plus  run-off  and  evaporation  from  the  soil.  During  the  5-week 
period  from  heading  to  flowering,  sorghum  requires  a  minimum  of 
0.1  inch  of  water  a  day  for  normal  growth  and  0.15  inch  for  high 
yields.  Rainfall  during  this  period  is  rarely  equal  to  such  require- 
ments, so  that  some  water  stored  in  the  soil  is  needed  to  produce  a 
good  crop.  An  inch  of  water  saved  by  good  cultural  practices  is 
nearly  as  effective  as  an  extra  inch  of  rainfall.  Thus  adequate  tillage, 
both  before  and  after  planting,  to  destroy  water-wasting  weeds,  often 
makes  the  difference  between  success  and  failure. 

Sorghums  respond  well  to  the  additional  water  made  available 
by  summer  fallow.  Milo,  particularly,  grows  well  on  fallow  on  the 
heavier  soil  types  in  the  southwestern  Great  Plains,  where  the  grain 
yields  have  been  increased  50  to  90  percent  by  fallowing.  On  very 
sandy  soils  or  under  a  higher  rainfall,  benefits  from  fallow  have  been 
much  less  or  even  negligible. 

Sorghums  also  grow  well  under  irrigation  in  areas  where  the  temper- 
atures are  sufficiently  high  and  the  growing  season  sufficiently  long. 
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Climate  and  Cotton 


Bv  C.  B.  Doyle 


COTTON  has  peculiarities  that  make  it  exceptionally  sensitive 
to  weather  conditions  over  a  long  period,  and  for  that  reason 
the  effects  of  weather  on  production  and  quality  have  been 
studied  probably  more  closely  than  they  have  in  the  case  of 
any  other  crop.  Much  of  what  has  been  discovered  about  the 
hows  and  whys  of  this  relationship  is  summed  up  in  this  article, 
which  also  deals  with  the  broader  aspects  of  climate  in  relation 
to  cotton  production. 


C.  B.  Doyle  is  Principal  Agronomist,  Division  of  Cotton  and  Other  Fiber  Crops  and  Diseases,  Bureauof 
Plant  Industry. 
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Cotton  belongs  to  the  botanical  genus  Gossypium,  a  member  of  the 
Malvaceae,  or  mallow  family.  Among  its  familiar  relatives  are  the 
showy-flowered  hibiscus,  the  hollyhock,  the  marshmallow,  and  the 
popular  southern  vegetable,  okra,  or  gumbo.  In  its  natural  habitat 
cotton  is  a  long-lived  perennial,  all  of  the  known  species  being  of 
tropical  or  subtropical  origin.  Its  natural  limits,  therefore,  are  de- 
termined by  climatic  conditions  favorable  to  the  perennial  habit  of 
growth.  With  only  a  few  exceptions  these  conditions  are  found  with- 
in a  zone  extending  north  and  south  from  the  Equator  to  a  line  where 
the  mean  temperature  of  the  coldest  month  is  about  65°  F.,  corres- 
ponding to  about  30°  north  and  south  latitude.  In  the  New  World, 
wild  species  of  Gossypium  extend  to  central  Florida  and  to  the  northern 
part  of  Mexico.  Many  local  species  of  tropical  America  are  different 
from  those  of  the  Old  World. 

In  the  Tropics  cotton  thrives  generally  as  scattered  plants  in  door- 
yards  and  also  grows  spontaneously  in  waste  places  under  a  wide 
range  of  climatic  conditions.  It  is  found  growing  as  a  perennial  from 
humid  seacoast  regions  to  altitudes  of  6,000  feet,  including  extremely 
dry  areas  in  the  more  arid  regions.  Its  original  home  is  believed  to  be 
in  the  drier  and  more  open  parts  of  the  Tropics,  rather  than  in  the 
forest  regions  where  there  is  shade  and  higher  humidity.  Evidence  of 
this  is  found  in  the  failure  of  many  efforts  to  plant  cotton  on  a  large  scale 
in  humid  tropical  regions.  Such  conditions  cause  excessive  vegeta- 
tive growth  at  the  expense  of  fruit,  and  the  plants  are  much  more 
severely  attacked  by  insect  pests  and  diseases  than  in  drier  areas. 
Yields  in  humid  districts  usually  are  too  low  for  profitable  production 
(fig.  1). 

Because  of  the  great  value  of  the  cotton  fiber  for  domestic  uses, 
efforts  were  begun  centuries  ago  to  cultivate  the  plant  and  to  extend 
the  limits  of  production  beyond  its  natural  habitat.  Through  hun- 
dreds of  years  of  selection  by  man,  early-maturing  forms  adapted  to 


Figure   1. — A   perennial   cotton    tree   growing   along   the  roadside  in   tropical  Haiti. 
Cotton  production  by  such  plants  is  negligible. 
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production  as  annuals  have  been  developed  (fig.  2).  Slow  and  primi- 
tive methods  of  separating  the  fiber  from  the  seed  by  hand  or  by  crude 
roller  gins  made  progress  slow  at  first.  After  the  invention  of  the  saw 
gin  at  the  end  of  the  eighteenth  century,  however,  cotton  cultivation 
expanded  rapidly  throughout  the  world,  especially  in  the  United  States. 

It  has  long  been  recognized  that  freedom  from  frost  for  a  minimum 
growing  and  ripening  season,  an  adequate  supply  of  moisture,  and 
abundant  sunshine  are  the  three  climatic  essentials  for  successful 
production.  Many  investigators  have  studied  the  problem  of  climatic 
limits  for  cotton,  and  the  consensus  of  opinion  has  been  that  in  general 
the  requirements  for  successful  commercial  cultivation  are:  (1)  A 
mean  annual  temperature  of  over  60°  F.,  though  where  the  distri- 
bution of  rainfall,  sunshine,  and  temperature  is  favorable,  a  mean  of 
over  50°  F.  probably  would  be  sufficient;  (2)  a  frostless  season  of 
180-200  days;  (3)  a  minimum  rainfall  of  20  inches  a  year  with  suit- 
able seasonal  distribution — a  maximum  of  60  inches,  or  up  to  75 
inches,  would  not  be  excessive  if  distribution  were  favorable;  (4)  open 
sunny  weather;  areas  recording  "half  cloudiness"  annually  have  too 
little  sunshine  to  be  safe,  and  areas  over  three-fifths  cloudy  are  un- 
suitable for  cotton. 

The  range  of  successful  production  has  been  extended  to  areas  with 
shorter  seasons  by  breeding  rapid-fruiting,  early-maturing  varieties, 
and  by  the  use  of  improved  methods  of  culture.  At  the  present  time 
cotton  is  successfully  cultivated  in  the  New  World  from  the  Equator 
to  about  37°  north  latitude  and  to  approximately  32°  south  latitude. 
The  limit  of  cultivation  has  been  extended  in  the  Old  World  into  the 
Ukraine  to  46°  or  47°  N.  and  in  Africa  and  in  Australia  to  about  30°  S. 
(fig.  3).  Hundreds  of  cultivated  varieties  are  now  grown  throughout 
the  cotton-producing  regions  of  the  world.  These  varieties  differ  in 
plant  characters  as  well  as  in  length,  strength,  abundance,  and  fineness 
of  fiber. 

So  widely  has  cotton  become  adapted  to  different  climatic  condi- 
tions in  both  hemispheres  that  planting  and  picking  are  going  on  in 
some  part  of  the  world  practically  every  day  of  the  year.  In  the 
United  States  cotton  planting  extends  over  a  period  of  about  3 
months,  from  late  February  or  March  to  April  or  May.  Picking 
begins  in  south  Texas  in  June  or  July  and  progresses  toward  the  more 
northern  and  western  sections  of  the  belt  until  California  and  Arizona 
have  completed  their  harvest  in  January. 

The  full  growing  period  of  the  annual  types  varies  considerably. 
The  fine  qualities  of  extra-long  staple  like  that  of  the  sea-island  and 
Egyptian  varieties  usually  require  about  6  months  to  mature,  whereas 
the  period  for  the  improved  upland  varieties  is  only  about  5  months. 

The  perennial  cottons,  on  the  other  hand,  usually  have  some  open 
bolls  on  the  plants  throughout  the  entire  year,  though  the  bulk  of 
the  crop  is  produced  in  well-defined  periods  associated  with  the 
seasons. 

The  approximate  dates  of  cotton  planting  and  picking  in  the  princi- 
pal producing  regions  of  the  world  for  which  data  are  available  are 
shown  in  figure  4. 

A  more  detailed  discussion  of  the  commercial  types  of  cotton,  the 
principal  regions  of  production,  and  the  soils  and  climate  of  the 
Cotton  Belt  of  the  United  States  is  given  at  the  end  of  this  article. 
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Figure  2. — A  high-yielding,  annual,  upland  variety  of  cotton  bred  and  developed  in 
the   United   States.     The  leaves    have    been    removed    to    show    the    heavy    cotton 

production. 
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Figure  4. — Dates  of  planting  and  picking  in  the  principal  cotton-producing  countries. 


WEATHER   CONDITIONS  FAVORABLE   FOR   COTTON 

In  the  United  States  the  most  favorable  conditions  for  cotton  pro- 
duction are  a  mild  spring  with  light  but  frequent  showers;  a  moder- 
ately moist  summer,  warm  both  day  and  night  so  as  to  maintain  even 
and  continuous  growth  and  fruiting;  and  a  dry,  cool,  and  prolonged 
autumn.  Cold  weather  with  rain  in  the  spring  may  rot  the  seed  in 
the  ground,  retard  the  growth  of  the  seedlings,  or  favor  seedling 
diseases.  Too  much  rain  during  the  growing  season  causes  the 
development  of  surface  roots  at  the  expense  of  the  deeper  roots.  This 
results  in  wilting  and  shedding  of  leaves  and  bolls  if  the  weather  turns 
very  dry  in  the  summer.  May  and  June  particularly  are  critical 
months  during  which  heavy  rainfall,  especially  if  accompanied  by  low 
temperatures,  is  very  detrimental,  not  only  interfering  with  cultivation 
but  promoting  the  development  of  diseases  and  insect  pests.  A  wet 
summer  induces  excessive  vegetative  growth,  retards  fruiting,  and 
favors  rapid  increase  of  the  boll  weevil,  while  severe  drought  often 
stunts  the  plants,  causes  too  early  maturity,  and  reduces  the  yield. 
Sunshine  is  especially  important  when  the  plants  are  in  bloom.  As 
the  cotton  matures  and  the  bolls  begin  to  open,  rainy  weather  is 
detrimental,  ;is  it  retards  maturity,  interrupts  picking,  and  discolors 
or  damages  the  exposed  fiber.     Moderate  rains  in  early  September, 
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followed  by  warm  weather  and  a  late  frost,  may  permit  the  maturing 
of  a  late-season  crop  on  the  upper  part  of  the  plants  A  rather  wide 
daily  range  in  temperature  in  a  dry  fall  is  also  favorable  to  the  maturing 
of  the  top  crop  as  it  checks  vegetative  growth. 

RELATION  OF  CLIMATIC  FACTORS  TO  YIELD 

The  literature  on  the  relation  of  weather  to  cotton  is  now  extensive, 
detailed  studies  having  been  made  and  reported  by  meteorologists, 
physiologists,  botanists,  agronomists,  and  other  specialists  in  the 
cotton-producing  countries.  Yield,  naturally,  has  been  the  important 
economic  problem  in  these  studies,  and  much  has  been  learned  about 
the  effect  of  seasonal  conditions  on  the  factors  that  affect  the  growth 
and  fruiting  behavior  of  the  plants. 

The  first  essential  to  maximum  yield  is  a  full  stand  of  plants. 
Heavy  soil-packing  rains  at  planting  time  frequently  ruin  stands,  and 
in  some  localities  moderate  rains  that  cause  the  soil  to  crust  result  in 
of  plants.  Hailstorms  are  especially  destructive  to  the  crop  at 
any  time  during  the  growing  or  harvesting  season.  In  some  seasons 
lightning  also  may  be  responsible  for  damage  in  many  local  areas, 
causing  considerable  loss  for  the  Cotton  Belt  as  a  whole.  Cold  winds 
frequently  devastate,  large  areas  of  seedlings.  Sandstorms  or  dust- 
storms  will  "sand  off"  and  kill  seedlings  in  a  few  hours.  These 
conditions  are  frequently  encountered  in  the  western  Cotton  Belt, 
where  spring  winds  are  severe. 

Weather  is  also  a  vital  factor  in  the  incidence  and  severity  of  many 
insect  invasions  as  well  as  of  destructive  diseases.  As  a  rule  these 
conditions  are  not  general  over  the  Cotton  Belt,  but  they  may  be  of 
great  local  or  regional  importance.  In  vast  areas,  lack  of  rainfall  may 
prevent  planting  or  the  germination  of  the  seed  after  planting.  Scant 
moisture,  combined  with  high  winds,  may  cause  the  seed  to  germinate 
and  dry  out.  Strong  winds  may  also  be  responsible  for  extensive 
physical  injury  to  the  plant  and  may  reduce  yields.  Cold,  wet 
weather  in  the  spring  is  conducive  to  the  development  of  cutworm 
infestations,  especially  where  there  is  a  cover  crop  or  litter  on  the  land. 
Cold  nights  and  hot  days  favor  the  cotton  aphid,  or  cotton  louse, 
which  frequently  does  serious  damage  to  the  young  plants. 

The  specialized  fruiting  habit  of  the  cotton  plant  causes  it  to  be 
readily  influenced  by  both  favorable  and  unfavorable  weather  con- 
ditions. This  balance  between  weather  and  fruiting  is  so  delicate 
that  a  relatively  small  proportion  of  the  floral  buds  that  are  formed 
produce  mature  bolls.  The  others  are  thrown  off,  and  this  premature 
dropping  of  the  "fruit  forms"  and  young  bolls  is  commonly  called 
shielding.  This  may  be  better  understood  when  the  structural 
development  of  the  plant  and  the  rates  of  growth  and  fruiting  are 
considered. 

The  plant  has  two  kinds  of  branches,  (1)  vegetative  branches,  or 
"wood  limbs,"  which  normally  develop  on  the  lower  six  or  eight  main 
stalk  nodes,  and  (2)  the  true  fruiting  branches,  which  come  out 
immediately  above  them  and  bear  the  fruit.  The  vegetative  branches 
do  not  bear  bolls  directly  but  function  like  the  main  stalk  and  put  out 
fruiting  branches  of  their  own,  which  in  turn  form  a  fruit  bud  at  each 
node. 
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The  first  flowers  appear  in  ascending  series  on  the  successive  fruiting 
branches  up  the  main  stalk  on  an  average  of  about  every  2%  clays, 
whereas  on  each  fruiting  branch  successive  flowers  appear  on  an  aver- 
age of  about  every  6  to  7  days.  Thus  the  plant  fruits  in  zones,  with 
the  formation  of  fruiting  nodes  on  the  branches  up  the  main  stalk 
about  two  to  three  times  as  fast  as  the  succession  of  nodes  on  the  fruit- 
ing branches. 

With  a  plant  as  sensitive  to  changing  weather  conditions  as  cotton  is 
during  the  fruiting  period,  this  habit  of  progressive  fruiting  subjects 
the  crop  to  the  influences  of  seasonal  conditions  for  a  long  time. 
The  relative  abundance  of  fruit  or  degree  of  shedding,  the  size  of  bolls, 
and  the  staple  length  and  other  qualities  of  the  fiber  are  influenced 
by  the  seasonal  conditions  prevailing  during  the  development  of  the 
fruit  in  each  of  the  zones. 

Shedding  may  occur  at  any  time  during  the  season  and  may  be  due 
to  one  or  more  of  many  causes,  some  of  which  are  not  clearly  under- 
stood. Among  the  known  causes  of  shedding  are  insect  pests  and  dis- 
eases; abnormally  high  temperatures  resulting  in  high  transpiration 
and  evaporation  and  consequent  low  soil  moisture;  heavy  and  con- 
tinuous rain;  abrupt  changes  in  weather  conditions  from  wet  to  dry. 
cloudy  to  clear,  cool  to  hot,  or  the  reverse  of  these;  imperfect  pol- 
lination due  to  rainy  weather;  root  injury  due  to  too  deep  cultivation 
late  in  the  season,  nutritional  deficiencies,  or  other  causes.  It  is  recog- 
nized that  shedding  is  closely  related  to  the  water  supply  of  the  plant, 
and  it  has  been  shown  that  the  water  requirements  of  cotton  are 
largest  when  the  plants  are  setting  and  maturing  a  crop.  This  is  also 
the  time  when  temperatures  are  highest  and  soil  moisture  lowest. 
Lack  of  sufficient  soil  moisture,  therefore,  probably  is  the  principal 
cause  of  shedding.  The  phenomenally  high  per  acre  yields  of  cotton 
in  the  San  Joaquin  Valley  of  California  and  the  El  Paso-Rio  Grande 
irrigation  project  in  New  Mexico  and  Texas  are  due  chiefly  to  relatively 
moderate  maximum  summer  temperatures  combined  with  a  controlled 
soil-moisture  supply  attained  by  irrigation. 

Temperature  and  moisture  conditions  are  usually  more  favorable  to 
vegetative  growth  during  the  early  part  of  the  season  than  later. 
Hence  the  cotton  plant  may  produce  a  large  weed  (rank  vegetative 
growth)  and  set  more  flowers  than  it  can  maintain  during  the 
latter  part  of  the  fruiting  season,  when  temperatures  are  higher  and 
soil  moisture  is  reduced.  In  many  instances  readily  available  plant 
food  is  used  up  when  the  fruiting  activities  of  the  plant  make  a  more 
exacting  demand  on  the  nutrients  and  water  supply.  The  plant  then 
sheds  its  buds  or  young  bolls,  floral  buds,  and  even  leaves,  until  a  point 
is  reached  where  the  remaining  bolls  can  be  matured  under  the  pre- 
vailing conditions.  Since  this  process  of  adjustment  to  changing 
conditions  continues  through  the  season,  the  amount  of  shedding 
varies  from  time  to  time  and  usually  increases  progressively  as  the 
season  advances.  Experiments  have  shown  that  even  during  seasons 
when  soil  and  weather  conditions  are  very  favorable,  a  loss  of  40  to  60 
percent  of  the  bolls  by  shedding  is  fairly  common. 

The  advent  of  the  boll  weevil  very  materially  shortened  the  effective 
fruiting  period  of  the  cotton  plant  and  lias  complicated  the  eff'eets  of 
season  and  climate  on  production.  The  boll  weevil  population  in- 
creases very  rapidly  as  the  season  advances  and  the  larvae  develop 
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in  the  squares  and  young  bolls  from  eggs  laid  by  the  overwintered 
adults.  The  numbers  increase  so  rapidly  under  favorable  conditions 
during  June  and  July  that  practically  all  of  the  buds  developed  after 
the  end  of  July  are  apt  to  be  destroyed.  Because  of  the  work  of 
cotton  breeders  in  developing  rapid-fruiting,  early-maturing  plants, 
many  of  the  best  varieties  now  produce  a  reasonably  large  crop  of 
squares  and  young  bolls  in  advance  of  complete  boll  weevil  infestation. 
Earliness  is  also  favored  by  close  spacing  and  the  other  cultural  prac- 
tices that  the  Department  of  Agriculture  and  the  State  experiment 
stations  have  worked  out.  The  improved  varieties  and  these  cultural 
practices  have  shortened  the  effective  fruiting  period  of  the  plants 
and  have  resulted  in  an  increase  in  the  average  yield  per  acre  in  the 
main  Cotton  Belt  in  recent  years  in  spite  of  the  boll  weevil. 

Detailed  cooperative  studies  designed  to  measure  the  comparative 
influence  of  geographic  locations,  soil  types,  seasonal  conditions,  and 
varietal  differences  on  yields,  fiber  quality,  and  spinning  value  of 
cotton  have  been  in  progress.  The  study  in  the  main  Cotton  Belt  was 
made  on  16  selected  varieties  grown  at  14  separate  representative 
locations,  on  the  same  block  of  land  at  each  place,  through  3  consecu- 
tive1 years,  from  the  same  stock  of  seed.  In  the  southwestern  irrigated 
valleys,  7  varieties  at  4  locations  were  also  studied  in  the  same  manner, 
2  of  these  varieties  being  represented  in  all  18  locations. 

There  is  definite  evidence  from  these  studies  that  weather  condi- 
tions are  highly  important  in  determining  the  yield  of  cotton  and  in 
affecting  fiber  properties.  Information  was  also  obtained  indicating 
that  size  of  boll,  lint  percentage,  and  lint  index,  and  the  length,  fine- 
ness, and  other  characters  of  the  fiber  are  controlled  rather 
closely  by  the  genetic  constitution  of  the  variety,  although  material 
modifications  in  these  properties  were  found  under  certain  weather  con- 
ditions. Certain  other  characteristics,  including  time  required  for 
seedling  emergence,  flowering,  opening,  proportion  of  four-lock  bolls, 
yield,  acre  value,  and  color  and  maturity  of  the  fiber,  are  greatly 
influenced  by  weather  conditions,  despite  definite  varietal  differencies. 
Chemical  analyses  show  also  that  the  percentages  of  oil  and  protein 
in  the  seed  differed  rather  widely  among  varieties  but  were  affected 
almost  equally  by  weather  conditions. 

In  all  of  the  characteristics  studied  it  was  found  that  varietal  dif- 
ferences due  to  genetic  constitution  were  the  most  important  deter- 
mining factor,  although  in  certain  cases  the  effects  of  weather  were 
very  great.  A  detailed  examination  of  the  relationships  between  daily 
precipitation  and  maximum  and  minimum  temperatures,  on  either 
an  average  or  a  cumulative  basis  by  growth  periods,  indicates,  clearly 
that  these  weather  factors  do  not  afford  a  basis  for  a  critical  estimate 
of  yield  or  fiber  quality.  The  failure  to  find  a  close  correlation  be- 
tween precipitation  and  maximum  and  minimum  temperatures  with 
either  yield  or  fiber  properties  indicates  that  the  usual  weather  data 
do  not  provide  adequate  evidence  for  predicting  either  yield  or  quality. 
This  is  due  to  the  effect  of  other  important  variables  such  as  soil 
moisture,  transpiration,  and  weather  changes  on  shedding  and  other 
physiological  processes  of  the  plant. 

Other  studies  of  weather  and  cotton  have  provided  information  on 
certain  specific  relationships  in  the  cotton  plant,  In  Alabama  it  was 
found  that  moisture  was  the  most  important  factor  in  determining 
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staple  length  in  a  given  variety.  Detailed  studies  in  North  Carolina 
showed  the  important  relation  of  length  of  day,  temperature,  and 
sunlight  to  the  development  of  the  cotton  fiber  in  the  young  bolls. 

Because  of  the  great  economic  value  of  the  cotton  crop,  changes 
in  the  weather  during  the  growing  season,  and  the  probable  effect  of 
these  on  production  are  naturally  matters  of  much  concern.  Millions 
of  dollars  have  been  spent  in  assembling  detailed  meteorological  and 
field  data  in  an  effort  to  develop  a  dependable  system  of  crop  predic- 
tion. Much  detailed  information  has  been  brought  together  over 
many  years  and  carefully  charted  so  that  current  combinations  of 
weather,  insect  damage,  disease,  and  other  factors  can  be  compared 
with  the  long-time  records  of  these  factors.  With  few  exceptions  the 
seasonal  reports  and  estimates  for  the  Cotton  Belt  as  a  whole  have  been 
remarkably  accurate  and  only  slightly  at  variance  with  the  final  reports 
at  the  end  of  the  season.  For  more  specific  areas,  however,  crop 
predictions  are  much  more  difficult  and  hazardous. 

For  one  thing,  the  presence  of  insect  pests  and  diseases  materially 
complicates  crop  predictions  because  of  the  varying  amounts  of  dam- 
age done  from  year  to  year.  Also  the  specialized  habit  of  the  cotton 
plant  of  fruiting  over  a  relatively  long  period  adds  greatly  to  the 
difficulties  of  forecasting  cotton  yields  from  the  weather.  Varieties 
of  cotton  differ  also  in  susceptibility  or  resistance  to  seasonal  changes. 
Some  are  tolerant  and  show  notable  resistance  to  adverse  conditions, 
but  all  varieties  are  sensitive  to  abrupt  changes,  which  may  occur  in 
any  season  over  large  or  small  areas.  Extreme  drought,  hot  burning 
winds,  or  other  stress  conditions  late  in  the  season  may  turn  a  favor- 
able crop  prospect  into  almost  a  crop  failure.  Or  an  unusually  favor- 
able late  season  and  a  delayed  frost  may  turn  a  prospective  failure 
into  a  normal  yield,  or  a  normal  yield  into  a  bumper  crop.  The 
many  combinations  of  these  factors  are  so  varied  and  uncertain  that  a 
practical  method  of  crop  forecasting  with  cotton,  other  than  for  wide 
areas,  is  a  problem  that  still  offers  many  difficulties. 

EFFECTS  OF  EXPOSURE  AND  HARVESTING 
METHODS 

In  addition  to  the  effects  of  weather  on  cotton  yields,  another 
factor  of  economic  importance  is  the  effect  of  exposure  of  the  matured 
crop  in  the  field  before  picking  on  the  grade  and  market  value  of  the 
lint.  Cotton  is  bought  and  sold  in  the  markets  of  the  world  on  the 
basis  of  classification  standards  prepared  and  distributed  by  the 
United  States  Department  of  Agriculture.  Grade  as  applied  to 
cotton  refers  to  the  color  and  luster,  or  brightness,  of  the  lint,  the 
nature  and  quantity  of  foreign  material  present,  such  as  dirt,  leaf 
trash,  etc.,  and  the  quality  of  ginning.  If  the  seed  cotton  is  in  proper 
physical  condition,  that  is.  has  the  proper  moisture  content,  good 
ginning  will  not  damage  the  staple  and  will  remove  some  of  the  dirt 
and  trash.  However,  there  is  no  way  to  improve  the  color  or  to 
restore  the  luster  of  the  fiber  when  it  has  been  lost  by  exposure  of  the 
open  bolls  to  sun,  wind,  and  rain  for  too  long  a  time.  Studies  made 
by  the  Bureau  of  Agricultural  Economic-  several  years  ago  showed 
that  cotton  picked  shortly  after  the  opening  of  the  boll  is  bright  and 
298737        11 


358     •     Yearbook  of  Agriculture,  1941 

creamy  but  cotton  picked  late  in  the  season,  after  long  exposure  in 
the  field,  is  dull  and  blue.  Enormous  losses  are  suffered  by  American 
cotton  farmers  annually  as  a  result  of  delayed  and  careless  harvesting 
practices. 

It  is  recognized  that  in  years  of  bumper  crops  pickers  usually  are 
scarce  and  wages  relatively  high.  Unfavorable  weather  during  such 
harvest  seasons  brings  heavy  losses  in  both  seed  and  lint  that  cannot 
be  avoided.  Low  grades  are  more  severely  penalized  and  losses 
are  greater  in  the  long-staple  cottons  than  in  the  short  staples.  Figures 
are  available  to  show  that  over  a  period  of  17  years  (1915-16  to  1931-32 
inclusive),  the  difference  in  central-market  price  for  7s-inch  staple 
between  commercially  high-grade  white  as  compared  with  dull, 
grayed,  or  blue  cotton  was  3.04  cents  a  pound,  or  $15.20  per  500- 
poiind  bale.  The  price  difference  between  the  highest  commercial 
grade  and  the  lowest  grade  of  white  cotton  was  5.13  cents  a  pound, 
or  $25.65  per  500-pound  bale. 

Similar  studies  in  Texas  showed  an  average  loss  of  4  percent  in 
grade  after  4  weeks'  exposure  and  a  maximum  loss  of  14  percent  in 
strength  of  staple.  In  all  cases  the  cotton  became  darker  and  less 
creamy  as  the  length  of  exposure  increased,  deterioration  beginning 
within  3  to  5  weeks  after  the  opening  of  the  bolls.  A  drop  of  4  or  5 
grades,  a  decrease  in  length  of  one-sixteenth  to  three-sixteenths  of  an 
inch,  and  a  decrease  in  price  of  150  to  265  points,  or  $7.50  to  more  than 
$13  per  500-pound  bale,  occurred  during  exposure. 

Excessively  long  exposure  of  cotton  in  the  field  is  often  responsible 
for  much  damage  to  the  planting  quality  of  the  seed  as  well  as  for  loss 
of  value  for  milling  purposes.  The  severity  of  the  deterioration  de- 
pends, of  course,  on  conditions  during  the  exposure.  Continuous 
rains,  heavy  tropical  storms,  sudden  drought  that  prevents  normal 
maturity,  and  unseasonable  frost  have  in  some  years  destroyed  or 
greatly  reduced  the  viability  and  milling  value  of  hundreds  of  thou- 
sands of  tons  of  seed  over  wide  areas  in  the  Cotton  Belt. 

Enormous  damage  to  the  quality  of  the  seed  also  occurs  each  year 
as  a  result  of  picking  the  cotton  while  it  is  green  or  wet  from  rain  or 
dew  and  storing  it  without  drying.  Wet  seed  cotton  or  seed  that  is 
stored  with  too  much  moisture  will  generate  heat,  and  the  seed  is  soon 
killed  or  its  quality  greatly  impaired  by  the  stimulated  activity  of 
enzymes  or  of  micro-organisms,  which  multiply  rapidly  under  such 
conditions.  Studies  have  shown  that  seed  with  a  moisture  content 
in  excess  of  12  percent  should  not  be  placed  in  ordinary  storage  unless 
provision  is  made  for  prompt  drying.  Air-dried  seed  probably  can  be 
stored  safely  for  IS  months  in  ordinary  dry  storage.  Experiments 
have  shown  that  the  seed  should  contain  not  more  than  8  percent  of 
moisture  and  should  be  placed  in  tight  containers  to  prevent  absorp- 
tion of  moisture  from  the  atmosphere  if  they  are  to  be  stored  for 
more  than  2  years.  Seed  containing  less  than  S  percent  of  moisture 
may  be  kept  in  airtight  containers  in  a  cool  place  for  many  years 
without  appreciable  loss  of  viability. 

If  a  bale  of  cotton  is  allowed  to  remain  on  the  ground  on  the  farm, 
in  a  gin  yard,  or  in  some  other  unprotected  place,  only  a  little  moisture 
is  required  to  start  damage  to  the  fiber  in  a  few  days  of  high  tem- 
peratures. The  exposed  cotton  is  attacked  by  fungi,  bacteria,  and 
other  micro-organisms  that  damage  or  destroy  the  textile  utility  of 
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the  cotton  for  varying  depths  in  the  bale.  Investigations  made  by 
the  Bureau  of  Agricultural  Economics  showed  damage  to  the  extent 
of  370  pounds  in  a  500-pound  bale  of  cotton  placed  flat  on  the  ground 
in  the  open  with  no  covering  for  a  period  of  8  months.  Another  bale, 
placed  on  edge  and  turned  over  once  a  week,  had  110  pounds  damaged. 
A  bale  placed  on  end  and  not  turned  had  7S  pounds  damaged,  and  a 
bale  placed  on  timbers  off  the  ground  and  turned  once  a  week  had 
49  pounds  damaged.  In  contrast  to  this,  in  a  bale  that  was  stored  in 
a  warehouse  during  the  same  period,  only  1  pound  was  damaged. 

It  has  been  estimated  that  losses  in  the  United  States  to  farmers 
and  to  the  trade  due  to  avoidable  weather  damage  to  baled  cotton 
amount  to  several  million  dollars  for  each  year's  crop. 

COMMERCIAL  TYPES  OF  COTTON 

The  five  important  commercial  types  of  cotton  now  produced 
throughout  the  world  in  the  order  of  quality  and  spinning  value  of 
the  fiber  are  sea  island  (Gossypium  barbadense  L.).  Egyptian  {G. 
barbadense  L.).  American  upland  long  staple  (G.hirsutum  L.).  American 
upland  short  staple  (G.  hirsutum  L.),  and  Asiatic  (G.  herbaceum  L., 
G.  arborewn  L..  and  other  species). 

Sea  island  is  the  aristocrat  of  cotton  fibers.  For  more  than  a 
hundred  years  it  was  grown  in  the  sandy  loam  soils  in  a  rather  well 
defined  region  in  the  humid  coastal-plain  districts  of  Florida.  Georgia, 
and  South  Carolina  where  the  equable  climate  was  believed  to  impart 
a  silky  luster  to  the  fiber  not  attainable  elsewhere  in  the  Cotton  Belt. 
"Crop  Lots"  and  "Fancy"  sea  islands  grown  on  the  islands  and  along 
the  coast  of  South  Carolina  had  a  fiber  1%  to  2l-:  inches  long,  the  most 
valuable  of  the  world's  cottons,  surpassing  all  other  types  in  length, 
strength,  and  fineness.  Most  of  the  sea-island  crop,  with  a  staple  of 
1%  to  1S4  inches,  was  grown  farther  inland  in  Georgia  and  Florida  and 
was  known  commercially  as  "Floridas"  and  "Georgias." 

The  average  annual  production  of  sea  island  in  the  United  States 
was  about  92,000  bales,  of  which  the  fancy  grades  represented  about 
one-tenth.  After  the  invasion  of  the  boll  weevil,  about  1917.  the 
production  of  sea  island  rapidly  declined,  and  by  1922  it  was  practically 
abandoned  in  this  country. 

Sea  island  has  also  been  successfully  cultivated  in  the  West  Indies, 
and  from  1922  to  1934  the  production  of  this  cotton  was  confined 
almost  exclusively  to  the  British  West  Indies  and  Puerto  Rico.  In 
1934  recently  developed  strains  of  sea  island  better  adapted  to  pro- 
duction under  heavy  boll  weevil  infestation  were  planted  in  the  areas 
in  the  Southeastern  States  where  this  crop  was  formerly  grown.  Dur- 
ing the  past  3  years  small  plantings  of  these  strains  have  been  made 
also  in  the  Gulf-coast  regions  of  Alabama.  Mississippi.  Louisiana,  and 
Texas  and  in  other  States.  In  1939  about  1,700  bales  were  produced 
in  the  continental  United  States  and  about  750  bales  in  Puerto  Rico. 
Including  the  approximately  4.000  bales  produced  in  the  British  West 
Indies  and  elsewhere,  the  total  world  crop  of  sea-island  cotton  for 
1939  was  about  6,500  bales.  The  1940  production  in  the  continental 
United  State-  was  about  4.000  bales,  with  estimates  of  1,000  bales  in 
Puerto  Rico  and  5,100  bales  in  the  British  West  Indies. 

Egyptian  cotton  is  similar  to  sea  island  in  plant  characters,  and 


360     •      Yearbook  of  Agriculture.  1941 

its  fine,  silky,  strong  fiber  is  second  in  value  only  to  sea  island.  The 
production  of  Egyptian  cotton  is  confined  to  the  warmer  arid  regions 
where  there  is  along  growing  season  and  where  irrigation  is  necessary. 
Egypt  furnishes  the  bulk  of  the  crop,  averaging  about  1.700.000  bales 
annually.  Small  quantities  of  Egyptian  are  also  produced  elsewhere 
in  North  Africa,  in  India,  in  the  Union  of  Soviet  Socialist  Republics, 
and  in  Peru.  In  the  United  States  the  cultivation  of  Egyptian  cotton 
is  confined  almost  entirely  to  Arizona,  where  about  39,000  bales  were 
produced  in  1940.  The  staple  of  the  Arizona  Egyptian  ranges  in 
length  from  ll:  to  ls4  inches,  whereas  that  of  the  bulk  of  the  crop 
grown  in  Egypt  is  1%  to  about  l1?  inches. 

American  upland  long-staple  cotton  is  grown  chiefly  in  the  United 
States  and  occupies  a  commercial  position  between  the  Egyptian  and 
the  upland  short  staples.  The  staple  ranges  in  length  from  1  %  to  1  % 
inches  and  for  some  purposes  competes  with  Egyptian.  Upland 
long-staple  cotton  is  produced  in  the  fertile  delta  soils  of  the  Missis- 
sippi Valley,  in  South  Carolina  and  other  Eastern  States,  in  parts  of 
Texas,  and  in  the  irrigated  valleys  of  the  Southwestern  States. 

American  upland  short  staple  constitutes  more  than  90  percent 
of  the  cotton  crop  of  the  United  States.  Including  the  production  in 
foreign  countries  from  seed  introduced  from  this  country,  the  Ameri- 
can upland  type  in  1939  represented  about  70  percent  of  the  world's 
crop  of  28,800,000  bales.  The  staple  length  of  upland  short  staple 
varies  from  %  to  IXj  inches,  that  of  the  great  bulk  of  the  crop — about 
S3  percent — being  %  to  l}i6  inches. 

The  Asiatic  types  of  cotton  are  grown  chiefly  in  India  and  China. 
The  fiber  of  these  cottons  is  short  but  strong  and  of  rather  coarse  or 
rough  texture.  The  staple  is  three-eighths  to  three-fourths  of  an 
inch  long,  with  some  of  the  improved  strains  producing  %-ineh  staple. 

A  perennial  type  of  long-staple  cotton  known  in  the  trade  as 
''Tanguis''  is  grown  in  the  irrigated  valleys  of  Peru.  The  origin  of 
Tanguis  is  somewhat  obscure,  but  it  is  supposed  to  be  a  hybrid  be- 
tween one  or  more  of  the  native  Peruvian  cottons  and  upland,  Egyp- 
tian, or  sea  island.  It  produces  a  strong  staple  1%  to  1%  inches  long 
or  longer.  The  type  is  not  well  fixed,  but  the  fiber  is  popular  with 
spinners,  and  because  of  its  resistance  to  the  verticillium  wilt,  a 
fungus  disease  widespread  in  Peru,  Tanguis  now  constitutes  more 
than  SO  percent  of  the  total  annual  crop  of  that  countrv,  about 
400,000  bales. 

A  large  part  of  the  cotton  crop  of  Brazil  comes  from  long-staple 
perennial  tree  cottons  known  as  "Moco'"  and  other  kinds  grown  in 
the  northeastern  part  of  that  country.  Moco  has  a  strong  staple 
\Ya  to  IX  inches  in  length.  Also,  in  the  British  West  Indies  small 
quantities  of  an  indigenous  perennial  cotton  called  "Marie  Galente" 
Kith  a  staple  up  to  IH  inches  lone  or  loneer  are  produced  annually, 
and  in  Haiti  about  25.000  bales  of  cotton  with  \}i-  to  l's-inch  staple 
are  produced  annually  from  perennial  plants. 

PRINCIPAL  REGIONS  OF  PRODUCTION 

In  1939  the  six  major  regions  of  cotton  production  in  the  world  and  their 
respective  production  were:  The  United  States.  11.817.000  bales;  India.  4.136.000; 
Inion  of  Soviet  Socialist  Republics.  4.000.000;  China.  1.900.000;  Brazil.  1.996.380; 
and  Egypt,  1. SOI. 000.     About  90  percent  of  the  present  world  crop  is  produced 
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north  of  the  Equator.  In  1939.  of  the  world  production  of  28,800.000  bales, 
about  52  percent  was  produced  in  the  Western  Hemisphere,  largely  in  the  five 
countries  Argentina,  Brazil,  Mexico,  Peru,  and  the  United  States.  About  43 
percent  of  the  world  crop  was  produced  in  the  United  States  during  the  6-year 
period  1934  to  1939,  inclusive,  whereas  in  the  14-year  period  1920  to  1933.  inclu- 
sive, the  United  States  had  produced  about  57  percent  of  the  world  crop. 

Average  acre  yields  in  the  principal  cotton-producing  regions  vary  considerably 
from  year  to  year.  In  both  Egypt  and  Peru  cotton  is  grown  entirely  under  irri- 
gation, on  fertile  soils,  and  with  favorable  seasonal  conditions.  This  is  reflected 
in  the  relatively  high  average  yields  of  about  500  pounds  of  lint  to  the  acre.  In 
contrast  with  this  are  the  extremely  low  yields  of  80-90  pounds  per  acre  in  India 
and  in  the  Belgian  Congo  and  Uganda  in  Africa.  In  India  impoverished  soils 
and  frequent  and  severe  droughts  are  responsible  in  large  measure  for  the  low 
yields,  whereas  excessive  rainfall  adversely  affects  yields  in  the  two  African 
regions.  Yields  range  from  165  pounds  per  acre  in  Brazil  to  about  360  pounds 
in  the  Union  of  Soviet  Socialist  Republics. 

Acre  vields  in  the  United  States  increased  from  a  low  of  157  pounds  in  1930  to 
270  pounds  in  1937.  The  yield  fell  to  236  pounds  per  acre  in  1938  and  was  238 
pounds  in  1939  and  253  pounds  in  1940.  This  increase  has  been  due  for  the  most 
part  to  planting  on  better  lands,  soil-conservation  programs  and  acreage  control, 
improved  cultural  practices,  crop  rotations  and  fertilizers,  and  the  more  general 
planting  of  pure  seed  of  improved,  high-yielding  varieties.  The  highest  State 
average  yields  are  in  the  irrigated  valleys  of  the  Southwest,  in  California,  Arizona, 
Xew  Mexico,  and  adjacent  regions  in  Texas.  A  bale  or  more  to  the  acre  is  a 
common  return.  In  California  the  State  average  was  648  pounds  of  lint  per  acre 
in  1939  and  749  pounds  in  1940;  yields  of  two  and  three  bales  per  acre  are  common. 
The  highest  authenticated  yield  of  cotton  in  the  United  States  of  which  there  is 
record  was  made  in  1925  in  the  Coachella  Valley  of  California,  where  four  full 
bales  of  Acala  cotton  were  produced  on  a  measured  eleven -twelfths  of  an  acre. 

Acreage,  production,  and  average  yields  per  acre  of  the  15  principal  cotton- 
producing  countries  for  1937,  1938.  and  1939  are  shown  in  table  1. 


Table    1.- 


-Cotton:  Acreage,  production,  and  acre  yields  in  principal  cotton-producing 
countries,  1937-38,  1938-39.  and  1939-40 


Acreage 


Country 


1937-38        1938-39       1939-40 


United  Star-  - 
Brazil 

Argentina 

Mexico 

Peru 

India  (excluding 
Burma) 

China  (including 
Manchuria) 

Union  of  Soviet 
Socialist  Repub- 
lics  

Egypt 

Uganda    

Belgian  Congo. .... 

Turkey 

Iran  (Persia  I 

Chns^n 

Anglo-Egyptian 
Sudan    . 


33,623,000 

6. 010.  201 

814.  671 

829.342 

387.999 

25.  746. 000 

9.300.000 


5,163.000 
2, 053. 000 

1.  759. 000 
951.  335 
792.  .541 
636.283 

546.  925 

443.  OK 


24.248,000 

5.  666.  408 

840.750 

633,441 

395. 000 

23.482.000 

5,580.000 


5, 108. 000 

1.  852. 000 

1.530.000 

980.000 

680.000 


577.  294 
458.111 


23.805.000 


727,  727 
645.  494 


21.  356. 000 


5,190.000 
1,687,000 
1.571000 


620.482 


Production 


1937-3S        1938-39        1939-40 


Baits  I 

18.  946.  000 

2.  074.  727 

237.  271 

340,041 

415.  237 

4.788,000 

3,600,000 


3.  700, 000 
2,281,000 
2  336.  686 
175,  261 
298.566 
271.023 
212.  834 

263.718 


Bales  i 
11.943.0U0 

1.  989.  361 
326.  959 
305,  946 
393.  372 

4,248.000 

2.300.000 


3.800.000 
1,728,000 
2  255. 051 
161.000 
306.000 
184.485 
>87.  OSS 

263.  276 


1937-38  1938-39  193^-40 


Bales  * 

11.817,000 

1.  996.  330 

362.  481 

310. 115 

413,  514 

4. 136.000 

1.900.000 


4,000,000 
1,801,000 
2  289.000 


182,179 
1SS.~94S 
234,106 


Lbs. 

269.9 

165.0 

139.3 

196.0 

511.6 


185. 0 


342.6 
531.0 
94.8 
88.1 
180.1 
203.6 
186.9 


355.6 
446.0 
79.0 
78.5 
215.1 


238.1 


Lbs.        Lbs. 

237.9 
167.  8 
185. 9 
230.9 
476.0 

86.5 

197.0 


92.6 


368.4 

510.3 

B  • 


154.9 

262.4 


"■ 


THE  COTTON  SOILS  OF  THE  UNITED  STATES 


Cotton  is  grown  on  practically  all  well-drained  types  of  soil  in  the  Cotton  Belt. 
Boll  weevil  infestation  has  altered  the  relative  importance  of  finer  and  I 
textured  types  of  soiK,  particularly  in  the  Southeast.     Though  less  fertile,  the 
fine  sandy  loams.  Bandy  loams,  and  loamy  sand-  east  of  the  ;>i  are  gen- 
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erally  preferred  for  cotton  to  the  loams,  silt  loams,  and  clays  because  they  allow 
earlier  maturity  of  the  plant  and  consequently  avoid  a  part  of  the  boll"  weevil 
damage  that  occurs  on  the  heavier  soils,  where  the  plants  tend  to  more  vegetative 
growth  and  are  later  in  maturing,  especially  in  wet  seasons. 

Among  the  more  important  soil  regions  for  cotton  are:  (1)  The  sandy  loams  of 
the  Norfolk-Huston  soil  associations  of  the  sections  of  the  middle  and  upper  Coastal 
Plain  that  extend  across  the  eastern  Carolinas,  central  and  southern  Georgia,  western 
Florida,  and  southern  Alabama  into  central  Mississippi,  Louisiana,  and  east 
Texas;  (2)  the  sandy  loams  and  red  clay  loams  of  the  Cecil-Appling  soil  associations 
of  the  Piedmont  Plateau:  (3)  the  alluvial  soils  of  the  Mississippi  and  other  river 
bottoms  in  Mississippi,  Louisiana,  Arkansas,  Tennessee,  Kentucky,  and  Mis- 
souri; (4)  the  Memphis-Grenada  soil  associations  of  silty  soils  that  occur  on  the 
loessial  uplands  or  bluffs  east  of  the  alluvial  valleys,  principally  in  Mississippi  and 
Tennessee;  (5)  the  Houston-Austin-Denton  and  Wilson  soil  associations  of  the 
Blackland  Prairies  of  Texas:  (6)  the  Grundy-Shelby-Parsons  and  Summit-Bates 
soil  associations  of  the  eastern  Oklahoma  prairies;  (7)  the  Houston-Austin-Denton 
soil  associations  of  the  Grand  Prairie  of  Texas;  and  (8)  the  Zaneis-Renfrow, 
Miles- Vernon,  and  St.  Paul- Abilene  soil  associations  of  the  Red  Prairies  of  western 
Oklahoma  and  north-central  Texas. 

In  more  recent  years  cotton  production  has  extended  into  the  High  Plains  of 
northwest  Texas,  where  the  Greensburg-Pullman-Richfield,  Amarillo,  and  Zita- 
Pullman  soil  associations  occur.  The  last  20  years  have  also  seen  cotton  produc- 
tion extended  into  the  hot,  irrigated  valleys  of  California  and  Arizona  and  into 
Xew  Mexico  and  the  adjacent  region  in  west  Texas  at  altitudes  approximating 
3,800  feet.  The  principal  soils  used  are  those  of  the  alluvial  bottoms  and  the 
Mohave-Reeves-Anthony  associations  in  California  and  Arizona,  and  those  of  the 
Reagan-Springer  and  the  Amarillo  associations  in  Xew  Mexico  and  Texas.  Tor 
a  detailed  description  of  the  soils  of  the  Cotton  Belt,  see  the  1938  Yearbook  of 
Agriculture,  Soils  and  Men.) 

THE  CLIMATE  OF  THE  COTTON  BELT 

The  average  summer  temperature  in  the  Cotton  Belt  of  the  United  Sta1 

about  77°  F.  along  the  northern  boundary.  This  temperature  appears  to  be  the 
requirement  below  which  commercial  production  becomes  unprofitable.  In  the 
southern  portion  of  the  belt  the  average  summer  temperature  is  80°  to  85°,  and 
in  thehot,  dry,  irrigated  valleys  of  Arizona  it  reaches  85°  to  90°.  Alone:  the  northern 
margin  of  the  belt  the  last  killing  frost  in  spring  occurs,  on  an  average,  about 
April  10,  and  the  first  killing  frost  in  the  fall  about  October  2.5,  so  that  the  frostless 
season  is  about  200  days.  In  the  southern  portion  of  the  belt  the  last  killing  frost 
in  spring  occurs  about  March  10,  and  the  first  killing  frost  in  the  fall  seldom  before 
November  25,  the  frostles-  -eason  being  260  days  or  more.  (See  tables  and  maps 
in  Part  5.) 

The  development  of  new,  early  varieties  and  improved  farming  practices  have 
made  it  possible  to  extend  production  into  western  Oklahoma,  west  Texas,  and 
the  region  known  as  the  High  Plains  in  northwest  Texas  on  the  cap  rock  of  the 
so-called  Panhandle.  The  elevation  of  the  High  Plains  is  about  3,200  feet,  and 
the  average  frostless  period  is  180  to  200  days.  The  lands  are  level  and  free  from 
stones  and  trees  and  are  easily  cultivated.  With  the  use  of  power  farm  machinery, 
a  farmer  with  the  help  of  members  of  his  family  can  care  for  160  acres  of  cotton. 
Because  of  the  limited  rainfall  a  relatively  small  and  uncertain  production  was 
expected  in  this  region,  but  because  of  the  high  altitude  the  light  summer 
rains  are  sufficient  for  the  production  of  good  crops.  Fertilizers  have  not  been 
required,  and  insect  pests  such  as  the  boll  weevil  give  little  or  no  trouble  there. 
The  plants  usually  are  small,  and  much  of  the  crop  is  gathered  by  a  method  more 
rapid  than  picking,  called  "snapping,"  or  pulling  the  cotton  from  the  plants  with 
the  burs.  In  seasons  of  extreme  drought  a  method  called  "sledding"  or  "strip- 
ping" has  also  been  used.  Special  mechanical  devices  have  been  developed  for 
the  gins  that  handle  cotton  harvested  in  this  manner. 

During  the  period  of  scarcity  following  the  Civil  War,  small  quantities  of  cotton 
were  grown  as  far  north  as  Maryland,  Pennsylvania,  Delaware,  Ohio,  and  other 
chiefly  for  homespun.  In  short  seasons,  however,  the  crop  did  not 
mature,  and  with  the  recovery  of  the  cotton  industry  in  the  South,  cotton  growing 
in  these  regions  was  abandoned.  In  most  seasons  a  good  crop  of  bolls  can  be  set, 
but  the  difficulty  of  getting  the  mature  bolls  dried  out  and  open  before  frost  makes 
cotton  growing  in  these  northern  areas  too  uncertain  to  be  profitable. 
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The  average  annual  rainfall  in  the  Cotton  Belt  range.-  from  20  inches  in  western 
Oklahoma  and  northwestern  Texas  to  55  inches  in  western  North  and  South 
Carolina  and  60  inches  in  southern  Mississippi.  Throughout  much  of  the  belt  it  is 
between  30  and  50  inches.  The  spring  rainfall  ranges  from  6  inches  in  western 
Texas  to  16  inches  in  part*  of  Arkansas  and  southern  Mississippi,  being  heavier 
in  the  Mississippi  Valley  States  than  in  Texas  or  the  South  Atlantic  States. 
Rainfall  is  somewhat  greater  in  summer  than  in  the  other  seasons,  especially  in 
the  southern  and  eastern  portions  of  the  belt,  reaching  a  maximum  of  20  inches  in 
southern  Mississippi  and  parts  of  North  and  South  Carolina,  although  in  the  Black 
Prairies  of  Texas  the  amount  received  in  the  summer  averages  only  S  inches. 
Autumn  is  the  driest  season  of  the  year,  practically  all  of  the  important  cotton 
regions  receiving  less  than  10  inches  of  rain  during  the  fall  months.  This  means 
favorable  weather  for  harvesting  the  crop. 
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Climate  and  Tobacco 


By  W.  W.  Garner 


THE  AUTHOR  of  this  article  describes  the  qualities  of  various 
kinds  of  tobacco  leaf  in  such  a  way  that  a  smoker  can  almost 
taste  them.  He  shows  how  these  qualities  are  affected  by 
climate  and  weather,  tells  what  is  done  to  offset  certain  unde- 
sirable conditions,  discusses  the  distribution  of  tobacco  through- 
out the  world,  and  gives  examples  of  the  conditions  under  which 
some  of  the  finest  tobaccos  are  produced. 


1  \V    \V .  Garner  is  Principal  Physiologist,  in  Charge,  Division  of  Tobacco  Investigations,  Bureau  of  Plant 
Industry. 
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Although  tobacco  is  tropical  in  origin,  tobacco  culture  is  world-wide. 
The  plant  is  grown  as  far  north  as  central  Sweden  at  approximately 
60°  north  latitude  and  as  far  south  as  southern  Australia  and  Xew 
Zealand  at  about  40°  south  latitude.  Production  in  Australia  and 
Xew  Zealand  is  relatively  small,  but  large  quantities  are  grown  in 
various  parts  of  all  other  continents.  Except  in  Europe,  the  bulk  of 
the  crop  north  of  the  Equator,  constituting  more  than  90  percent  of  the 
world  total,  is  grown  south  of  40°  \. 

Foreign  countries  each  producing  50.000.000  pounds  or  more  annu- 


I  ici  kk  I. — Distribution  of  culture  of  the  principal  commercial  types  of  tobacco  in  the 
I  nited  States.  Several  factors  are  involved  in  thi~  distribution,  but  fundamentally 
the  most  important  are  -.oil  ami  climate  in  their  intimate  interrelationships.  I, 
Cigar  binder,  I  .  S.  types  51,  52,  ">3.  54,  55;  H.  cigar  wrapper.  I  .  S.  types  61,  (>-:  C, 
cigar  filler,  I  ,  S.  types  II,  V2.  13,  14;  />.  southern  Maryland,  I  .  S.  type  32;  /-.'.  barley, 

I   .  >.  t\  pe  3  I  :  /  .  Mark  air-<  nre<l  ami  (ire-<  ure<l.  I  .  S.  t\  pes  35,  36,  37.  ami  2  I.  2l!.  23.  2  t: 
(,.  Ih.e-cure.l.  I  .  S.  types  LI,  12,  L3,  II. 
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ally  are  the  Union  of  Soviet  Socialist  Republics,  Greece,  Italy,  France, 
Germany,  and  Bulgaria,  in  Europe;  India,  China,  Turkey,  Japan, 
Chosen,  Philippine  Islands,  Java  (and  Madura),  in  Asia;  Canada  in 
North  America;  Cuba  in  the  West  Indies;  and  Brazil  in  South  America. 
Available  statistics  indicate  that  China,  India,  and  the  United  States 
each  produce  roughly  1%  billion  pounds  of  leaf  and  together  account 
for  considerably  more  than  half  the  world  output.  However,  in 
China  and  India  tobacco  is  produced  to  some  extent  in  nearly  every 
province  and  is  grown  rather  promiscuously  under  a  great  variety 
of  climatic  and  soil  conditions.  Largely  for  this  reason,  the  crop, 
with  certain  exceptions,  lacks  uniformity  in  type  and  quality,  and 
only  a  relatively  small  portion  is  of  commercial  importance. 

From  the  standpoint  of  international  trade,  only  a  few  small  centers 
of  production  in  other  countries  are  of  outstanding  importance  for 
the  high  quality  of  their  products.  Striking  examples  are  the  east 
coast  of  Sumatra,  extreme  western  Cuba,  and  certain  small  areas  in 
Turkey  and  Greece,  the  products  of  which  are  later  referred  to  in  more 
detail .  Among  other  foreign  areas  producing  for  export  are  the 
State  of  Bahia  in  Brazil,  the  Dominican  Republic,  southern  Bulgaria, 
and  northern  Luzon  of  the  Philippine  Islands. 

In  the  United  States,  tobacco  culture  is  highly  specialized,  and  the 
production  of  each  of  several  important  commercial  types  is  definitely 
localized  (fig.  1),  owing  primarily  to  the  influences  of  climate  and  soil 
on  the  properties  of  the  finished  leaf. 

Thus  the  tobacco  plant  can  be  grown  successfully  under  a  very  wide 
range  of  climatic  and  soil  conditions.  On  the  other  hand,  the  com- 
mercial value  of  the  product  depends  laregly  on  the  environment  in 
which  it  is  produced.2 

In  general,  the  present  producing  areas  in  the  United  States  are 
easily  able  to  meet  commercial  requirements  for  all  domestic  types  of 
leaf  from  the  standpoint  of  total  output,  but  in  each  area  there  is  the 
important  problem  of  avoiding  or  minimizing  harmful  effects  on  the 
quality  of  the  tobacco  resulting  from  unfavorable  climatic  or  weather 
conditions.  This  problem  has  been  met  in  some  instances  by  direct 
modification  of  climate  in  the  field  and  in  the  curing  barn,  in  others 
indirectly  by  application  of  appropriate  cultural  practices  and  develop- 
ment of  control  measures  for  diseases  which  are  active  only  under 
certain  weather  conditions. 

WEATHER  AND  THE  GROWTH  OF  THE  CROP 

Much  the  greater  portion  of  the  tobacco  grown  in  the  world, 
including  the  entire  production  of  the  United  States,  is  Nicotiana 
tabacum.  In  cooler  climates  this  species  usually  requires  a  frost-free 
period  of  100  to  120  days  from  the  date  of  transplanting  in  the  field 
to  full  maturity,  but  with  a  mean  temperature  of  about  80°  F.  this 
period  may  be  shortened  to  70  or  80  days  or  slightly  less.  N.  rustica, 
which  is  extensively  cultivated  in  India  and  the  Union  of  Soviet 
Socialist  Republics,  and  to  a  lesser  extent  in  China  and  other  countries 
of  Asia  and  Europe,  is  a  more  rapidly  growing  species  and  in  cool 
climates  can  be  brought  to  maturity  somewhat  in  advance  of  N. 
tabacum. 

aDUFRENOY,J.     ecologie  du  tabac.     Rev.  de  Bot.  Appl.  et  d'Agr.  Trop.  13:  114-123.     1933. 
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Before  tobacco  seedlings  can  be  set  in  the  field  they  must  be  reared 
U)  the  proper  size  in  eoldframes  or  hotbeds,  and  this  requires  a  period 
of  6  to  10  weeks.  The  seeds  are  frequently  sown  well  in  advance  of 
the  arrival  of  the  spring  temperatures  required  for  germination.  At 
bo  60°  F.  germination  and  growth  are  slow:  the  optimum  tem- 
perature is  about  75°  to  S0C  and  the  killing  temperature  95€  or  some- 
what higher.  Glass  or  cloth  covers  are  used  to  protect  the  young 
plants  in  the  seedbed. 

Relatively  early  transplanting  is  generally  desirable  for  several 
reasons.  In  northern  areas,  the  normal  period  for  transplanting  is 
May  20  to  June  20.  and  only  occasionally  are  the  young  plants 
seriously  injured  in  the  field  by  freezing  weather.  Late  planting 
may  involve  danger  of  serious  injury  from  .frost  in  the  fall,  to  which 
the  crop  as  it  approaches  maturity  is  quite  susceptible,  and  also  the 
crop  cannot  be  properly  cured  in  the  barn  after  the  arrival  of  very 
cool  weather.  In  the  >outh.  unless  the  crop  is  set  early  the  soil  is 
likely  to  become  so  heated  by  the  sun  that  the  young  plants  are  killed 
or  permanently  stunted. 

Tobacco  in  the  field  grows  most  rapidly  with  a  mean  temperature 
of  about  80°.  but  the  crop  eventually  will  reach  full  size  at  con- 
siderably lower  temperature  levels,  though  the  leaf  may  not  ripen 
normally.  Temperatures  above  95c  on  bright  days  may  result  in 
considerable  burning  of  the  leaf,  especially  during  periods  of  drought. 
As  indicated  by  the  data  in  table  1.  taken  from  United  States  Weather 
Bureau  records,  the  range  in  mean  temperature  of  the  growing  s 
from  southern  Wisconsin  aud  the  Connecticut  Valley  to  northern 
Florida  is  from  about  70°  to  77 :.  and  for  the  major,  central  belt  the 
general  average  is  about  75°.  In  the  southern  producing  areas,  the 
principal  growing  period  includes  a  portion  or  all  of  Aprd.  May.  and 
June,  and  a  portion  or  all  of  July.  In  the  central  and  northern  areas 
the  summer  months  and  part  of  September  constitute  the  principal 
growing  period.  In  districts  north  of  Maryland  and  Kentucky,  when 
for  any  reason  the  tobacco  is  abnormally  late  in  maturing,  growers 
frequently  harvest  their  crop  before  it  is  ripe  to  avoid  danger  of  frost. 
Frost  damage  of  serious  proportions  does  not  very  often  occur, 
however. 

Frequent  rains  in  the  late  winter  or  spring  months  make  the  prep- 
aration of  seedbeds  difficult,  interfering  especially  with  the  process 
of  soil  sterilization.  The  soil  of  the  seedbed  needs  to  be  well  supplied 
with  moisture  at  all  times  during  the  growth  of  the  seedlings,  though 
—  rainfall  and  humidity  are  conducive  to  damping-orl  and  other 
Cool,  wet  weather  greatly  favors  development  of  the 
dreaded  blue  mold  (downy  mildew;  disease,  though  effective  methods 
for  control — spray  and  gas  treatments — have  recently  been  developed 
and  it  may  ultimately  be  possible  to  produce  disease-resistant  varieties. 

Sufficient  rain  at  transplanting  time  is  especially  important.  After 
a  good  rain  transplanting  is  a  comparatively  simple  operation,  but 
during  a  drought  it  is  necessary  to  water  each  hill  by  hand  or  machine. 
If  the  drought  is  -  a         ssful  transplanting  may  be  impossible. 

In  the  meantime  the  plants  in  the  seedbed  may  becom     -  rsiaed 

ami  hardened  that  they  flower  prematurely  when  they  are  set  in  the 
ti.-ld. 
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Table  1. — Average  monthly,  seasonal,  and  annual  temperatures  and  amounts  of 
precipitation  at  various  points  in  the  tobacco-growing  regions  of  the  United  States 


Mean  temperature 

Mean  precipitation 

Month 

Hart- 
ford, 
Conn. 

Madi- 
son, 
Wis. 

Lex- 
ington, 
Ky. 

Nash- 
ville, 
N.  C. 

Bain- 
bridge, 
Ga. 

Hart- 
ford, 
Conn. 

Madi- 
son, 
Wis. 

Lex- 
ington, 
Ky. 

Nash- 
ville, 
N.  C. 

Bain- 

bridee, 

Ga. 

°F. 
31.0 
28.3 
27.0 

°F. 

22.8 
16.9 
18.7 

°F. 
35.8 
32.9 
35.4 

°F. 
41.6 
42.8 
42.4 

°F. 
52.6 
52.1 
54.1 

Inches 
3.44 
3.53 
3.34 

Inches 
1.72 
1.63 
1.50 

Inches 
3.77 
4.18 
3.62 

Inches 
3.43 
3.50 
3.77 

Inches 
4.00 

3.89 

4.57 

Winter       ...  ... 

28.8 

19.5 

34.7 

42.3 

52.9 

10.31 

4.85 

11.57 

10.70 

12.46 

37.3 
47.5 
58.8 

30.4 
45.6 

57.6 

43.7 
54.3 
64.3 

51.4 
59.7 
69.0 

60.8 
67.6 

74.8 

3.58 
3.55 
3.41 

2.08 
2.54 
3.66 

4.32 
3.50 
3.91 

3.59 
3.51 
3.87 

4.35 

3.78 

3.20 

47.9 

44.5 

54.1 

60.0 

67.7 

10.54 

8.28 

11.73 

10.97 

11.33 

67.4 
72.9 
70.4 

67.3 
72.0 
69.8 

72.2 
75.9 

74.5 

75.2 
78.4 
77.5 

80.6 
81.9 
81.5 

3.13 
3.57 
3.84 

4.01 
3.80 
3.15 

4.05 
3.65 
3.45 

5.56 
6.57 
5.17 

4.84 

July              

6.53 

August 

5.74 

Summer 

70.2 

69.7 

74.2 

77.0 

81.3 

10.54 

10.96 

11.15 

17.30 

17.11 

63.9 
53.4 
42.0 

62.3 
50.0 
35.1 

68.5 
57.4 
44.8 

72.0 
61.3 
49.9 

78.3 
68.1 
58.5 

3.48 
2.97 
3.04 

3.08 
2.32 
1.76 

3.07 
2.59 
3.34 

3.40 
2.86 
2.19 

4.09 

2.32 

November^  .- 

2.23 

Fall                 

53.1 

49.1 

56.9 

61.1 

68.3 

9.49 

7.16 

9.00 

8.45 

8.64 

Year  

50.0 

45.7 

55.0 

60.1 

67.6 

40.88 

31.  25 

43.45 

47.42 

49.  54 

For  normal  rapid  growth  in  the  field,  tobacco  requires  a  liberal, 
well-distributed  rainfall  or  its  equivalent  in  irrigation  water,  for  the 
water  requirements  of  the  plant  are  high  because  of  its  great  expanse 
of  foliage.  The  plant  is  very  sensitive  to  defective  drainage  or 
waterlogging  of  the  soil,  however,  and  a  liberal  supply  of  plant  food 
is  essential  to  sustain  the  desired  rapid  growth.  Thus  injury  from 
excessive  rainfall  takes  the  form  of  depletion  of  the  plant-food  supply 
by  leaching  on  the  light  soils  of  the  Atlantic  Coastal  Plain  and  of 
drowning  of  the  plants  and  damage  from  soil  erosion  on  the  heavier 
inland  soils.  Severe  drought,  of  course,  may  cause  pronounced 
stunting  of  the  plants,  though  most  varieties  of  Nicotiana  tabacum 
will  successfully  withstand  drought  for  a  considerable  time  without 
prematurely  going  to  seed  and,  by  making  very  rapid  growth  when 
rain  comes,  may  eventually  produce  a  good  yield. 

The  extensive  surface  and  tender  nature  of  the  leaves  render  the 
crop  especially  susceptible  to  serious  injury  or  even  destruction  by  hail 
and  severe  wind.  With  certain  types  of  tobacco,  too,  a  rain  and 
wind  storm,  if  sufficiently  prolonged  and  occurring  after  the  crop  has 
reached  an  advanced  stage,  is  likely  to  induce  destructive  epidemics  of 
the  wildfire  type  of  leaf  spot  disease.  A  water-soaked  condition  of  the 
leaf  induced  by  strongly  blown  rain  ordinarily  is  a  controlling  factor  in 
susceptibility  to  the  disease.  If  varieties  of  tobacco  resistant  to  water 
soaking  can  ultimately  be  obtained,  these  should  be  resistant  also  to 
wildfire.  Susceptibility  to  water  soaking  can  be  partially  controlled 
also  by  suitable  regulation  of  the  nutrition  of  the  plant. 

In  the  tobacco-producing  areas  of  Florida,  Georgia,  South  Carolina, 
eastern  North  Carolina,  and  western  Tennessee  and  Kentucky,  the 
mean  annual  rainfall  is  47  to  51  inches,  in  southern  Wisconsin  it  is 
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only  slightly  more  than  30  inches,  and  in  most  other  principal  areas  it  is 
40  to  45  inches  (table  1).  The  heavier  annual  precipitation  in  the 
extreme  Southeast  is  due  primarily  to  a  summer  rainfall  of  about  17 
to  19  inches,  whereas  in  other  regions,  including  southern  Wisconsin, 
the  average  summer  precipitation  is  about  11  to  14  inches.  The 
western  Kentucky  and  Tennessee  district  has  a  relatively  heavy  spring 
rainfall  of  about  14  to  15  inches,  as  compared  with  S  to  12  inches  for 
other  tobacco-growing  regions.  Thus  during  the  principal  growing 
season  of  approximately  90  days  the  normal  rainfall  is  about  10  to  13 
inches  in  all  principal  tobacco-producing  areas  of  the  country  except 
the  extreme  Southeast,  where  it  approximates  15  to  16  inches. 

In  tobacco  culture,  very  high  yields,  involving  a  rank  type  of 
growth,  are  incompatible  with  good  quality.  For  some  types  mod- 
erately high  yields  are  usually  correlated  with  satisfactory  quality, 
as  in  the  case  of  cigar  tobaccos,  but  for  other  types,  especially  those 
best  adapted  to  the  manufacture  of  cigarettes,  relatively  low  yields 
are  essential  to  the  production  of  leaf  of  the  highest  quality.  In  this 
country  the  normal  weather  conditions  in  themselves  are  conducive 
to  good  yields  in  practically  all  the  important  producing  centers, 
and  normal  differences  in  yield  between  these  centers  are  due  chiefly 
to  factors  other  than  climate,  more  or  less  correlated  with  differences 
in  the  types  of  tobacco  produced.  Seasonal  variation  in  weather  in  a 
given  locality,  however,  may  greatly  affect  yield.  For  the  United 
States  as  a  whole,  variations  in  yield  due  to  weather  usually  do  not 
exceed  10  percent  of  the  normal  yield  of  about  S00  pounds  per  acre. 

There  are  marked  differences  in  average  yields  of  tobacco  among 
foreign  countries,  but  in  most  instances  these  apparently  are  not  due 
primarily  to  climatic  factors  but.  as  in  this  country,  are  related  in  part 
to  the  type  of  leaf  grown.  In  Europe  rather  high  yields  are  the  rule 
except  where  culture  of  the  small-leaved  so-called  Oriental  or  Turkish 
types  predominates.  In  Asia  high  yields  are  reported  from  Japan 
and  moderate  yields  from  India  and  China.  In  other  principal  pro- 
ducing countries  in  Asia,  as  well  as  in  Africa  and  South  America, 
low  yields  are  the  rule. 

WEATHER  AND  LEAF  QUALITY 

From  the  standpoint  of  quality  of  product,  tobacco  is  remarkably 
sensitive  to  its  environment,  and  as  a  rule  the  major  problem  of  the 
grower  is  to  obtain  a  crop  of  high  quality  rather  than  a  large  yield. 
The  commercial  requirements  with  respect  to  quality  may  be  quite 
exacting,  and  they  are  also  specialized  and  involve  numerous  elements. 
The  requirements  for  one  type  of  leaf  often  differ  radically  from  those 
for  another;  the  sort  of  leaf  wanted  for  plug  chewing,  for  example, 
is  quite  different  from  that  desired  for  cigar  wrappers.  It  is  well 
known  that  foliage  leaves  of  plants  in  general  are  sensitive  to  the 
environment  in  which  the  plants  are  grown,  and  these  environmental 
effects,  which  would  be  of  no  special  significance  for  most  crop  plants. 
may  largely  determine  both  the  type  and  quality,  or  grade,  of  tobacco 
leaf,  including  the  size,  shape,  color,  venation,  elasticity,  combusti- 
bility, and  the  details  of  minute  structure  and  chemical  composition. 

Within  the  range  that  favors  reasonably  rapid  growth  and  develop- 
ment of  the  plant,  temperature  in  itself  is  hardly  to  be  regarded  as  a 
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factor  of  major  importance  in  determining  quality.  At  lower  tempera- 
tures, however,  metabolic  processes  are  slowed  down  and  the  leaf 
may  fail  to  reach  the  stage  of  full  ripeness  necessary  for  the  develop- 
ment of  some  of  the  properties  that  determine  quality.  High  tem- 
peratures may  contribute  to  development  of  aroma  and  to  thickening 
of  the  leaf  by  reducing  the  water  content  of  the  plant. 

Rainfall  and  humidity,  by  influencing  the  water  relations  of  the 
plant,  have  a  very  important  effect  on  various  properties  of  the  leaf 
contributing  to  quality.  With  an  optimum  water  supply  insuring  full 
turgidity  at  all  times  and  with  other  conditions  favorable,  a  tobacco 
plant  may  develop  25  square  feet  or  more  of  leaf  area  in  a  period  of 
60  days.  Under  these  conditions,  with  optimum  moisture  content 
consistently  maintained  in  the  plant,  the  leaf  produced  will  be  rela- 
tively very  large  and  broad  but  extremely  thin,  with  fine  veins,  and 
loose,  open  structure  or  texture.  Such  a  leaf  when  cured  ordinarily 
will  be  elastic,  light  in  color,  and  of  bright  luster,  weighing  perhaps 
only  2  to  3  grams  per  square  foot  of  area;  it  will  have  a  relatively  low 
nicotine  content ;  and  when  placed  in  bulk  it  will  ferment  very  rapidly 
but  develop  only  a  weak  aroma  and  contain  little  gummy  or  resinous 
matter.  In  addition  to  favorable  rainfall  and  humidity,  other  factors 
contributing  to  these  optimum  moisture  conditions  include  partial 
shade  produced  by  sustained  cloudiness  or  by  other  means,  absence 
of  wind,  and  soil  conditions  favoring  retention  of  adequate  moisture 
without  impairing  soil  aeration,  which  is  highly  important. 

When  not  too  thin  and  flimsy,  this  sort  of  leaf  is  the  ideal  cigar- 
wrapper  type,  but  it  is  not  suited  to  other  purposes.  With  progressive 
changes  to  less  favorable  moisture  conditions  there  will  normally  be 
a  tendency  toward  a  corresponding  reduction  in  size  and  narrowing 
of  the  leaf,  largely  compensated  by  increased  density  of  structure  and 
weight  per  unit  of  area,  thickening  of  veins,  decreased  elasticity, 
deeper  coloration  with  duller  luster,  increased  nicotine  content,  a 
poorer  or  at  least  slower  burn,  and  reduced  power  to  ferment  readily 
but  definitely  strengthened  aroma  and  more  gum  and  resin.  Not  all 
of  these  characteristics  associated  with  suboptimum  moisture  relations 
are  desirable  in  any  of  the  various  types  of  tobacco,  but  certain  com- 
binations of  them,  in  which  each  is  developed  to  the  proper  degree, 
are  wanted  in  the  cigar  filler,  cigarette  and  pipe-smoking,  chewing, 
and  snuff  tobaccos.  In  other  words,  for  best  results  each  commercial 
type  has  its  own  water  requirements. 

In  recent  years  research  has  made  important  advances  in  the  fer- 
tilization and  management  of  tobacco  soils  which  serve  to  minimize 
the  harmful  effects  of  deficient  or  excessive  rainfall  on  growth  and 
quality  of  tobacco.  It  has  been  found  that  heavy  potash  fertilization 
and  the  use  of  limited  quantities  of  chlorides  in  the  fertilizer  are  both 
effective  in  increasing  drought  resistance.  Organic  matter  in  the  soil 
has  been  shown  to  be  highly  important  in  its  bearing  on  water  rela- 
tions, but  it  must  be  of  the  right  kind.  Certain  weeds  and  crop  plants 
preceding  tobacco  in  the  rotation  are  decidedly  beneficial,  while  others 
are  definitely  injurious. 


Climate  and  Tobacco     •     371 

PRINCIPAL  COMMERCIAL  TYPES  AND  WHERE 
THEY  ARE  GROWN 

To  illustrate  the  correlation  of  water  relations  and  type  of  leaf, 
some  of  the  outstanding  commercial  types  of  tobacco  and  the  condi- 
tions under  which  they  are  grown  may  be  briefly  described.  It  should 
be  kept  in  mind  that,  in  addition  to  climate,  the  variety  of  seed,  the 
soil,  and  other  factors  are  of  importance  in  fixing  the  properties  of 
the  product. 

On  the  east  coast  of  Sumatra  is  grown  a  cigar  wrapper  that  may  be 
led  as  a  world  standard  of  excellence  for  the  various  elements  of 
quality  already  mentioned,  as  well  as  for  uniformity  in  grade,  wide 
adaptability,  and  remarkable  wrapping  efficiency  per  unit  of  weight. 
The  crop  is  grown  on  newly  cleared  soil  laden  with  organic  matter  so 
that  it  has  both  a  high  moisture-holding  power  and  ample  aeration. 
The  average  monthly  rainfall  during  the  growing  period  (spring  and 
early  summer)  is  over  7  inches,  and  there  are  about  11  rainy  days  a 
month.  The  mean  temperature  is  about  S0°  F.  and  the  mean  rela- 
tive humidity  78  percent/ 

In  the  Connecticut  Valley  and  in  the  vicinity  of  Quincy.  Fla., 
wrapper  of  the  highest  grade  is  also  produced,  but  by  means  of  a 
unique  procedure  for  modifying  the  climate — namely,  the  use  of  a 
special  type  of  open-cloth  fabric  for  shading  the  plants.  It  has  been 
found  that  the  major  function  of  the  cloth  tent  is  to  reduce  loss  of 
moisture  from  the  soil  and  the  plant  by  increasing  the  humidity  and 
reducing  ah-  currents.4  The  effect  on  temperature  is  negligible,  and 
apparently  the  reduced  light  intensity  affects  the  plant  only  indirectly, 
that  is.  by  reducing  transpiration. 

In  Pinar  del  Rio  Province  of  western  Cuba — especially  within  an 
area  of  about  25  square  miles  south  of  the  mountains  known  as  Yuelta 
Abajo — there  is  produced  what  is  universally  conceded  to  be  the 
world's  finest  cigar-filler  leaf.  In  fineness  and  fullness  of  aroma  and 
the  smooth,  satisfying  property  of  its  smoke,  this  product  has  no  equal. 
The  crop  is  grown  on  sandy  loam  soils  closely  resembling  in  many 
respects  some  of  the  soils  of  the  Southern  States.  In  contrast  with 
tin  abundant  rainfall  in  Sumatra,  the  normal  monthly  rainfall  in  the 
growing  season  (winter)  is  considerably  less  than  2  inches.  The  mean 
temperature  is  about  72°  F.5 

In  portions  of  the  Macedonia-Thrace  region  of  Greece  and  in  the 
Smyrna  and  Baffra-Samsun  regions  of  Turkey  the  finest  grades  of  the 
Turkish  or  oriental  types  of  cigarette  leaf  are  produced.  These  prod- 
uct- possess  a  very  fine.  full,  quite  distinctive  aroma,  bearing  in  this 
lomewhat  the  same  relation  to  cigarette  tobaccos  that  the 
Yuelta  Abajo  product  of  Cuba  bears  to  the  cigar  type.  The  leaf 
grown  in  the  Xanthi  area  of  Greece  is  considered  by  many  to  be  the 
very  finest  of  all  oriental  types.  The  finest  quality  of  leaf  is  grown 
on  soil  of  rather  low  productivity  occupying  the  slopes  of  the  foothills 
of  the  mountains.     The  outstanding   feature  of  the   climate   is   the 
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almost  complete  lack  of  rain  during  the  last  2  or  3  months  of  the 
growing  and  developmental  period  of  the  crop. 

The  distribution  of  the  various  domestic  types  as  shown  in  figure  1 
Qannot  be  explained  on  the  basis  of  water  relations  alone,  since  other 
important  factors,  especially  the  physical  and  chemical  properties  of 
the  soil  and  the  variety  grown,  are  involved.  The  interrelationships  of 
soil  and  climate  are  so  intimately  concerned  in  the  type  of  leaf  pro- 
duced that  they  can  scarcely  be  considered  as  separate  factors. 
However,  yearly  variation  in  rainfall,  together  with  the  associated 
conditions  in  a  given  locality,  is  a  controlling  factor  in  determining 
the  grade  or  quality  of  leaf  within  a  type.6  In  wet  years  the  tendency 
is  toward  production  of  the  sort  of  leaf  described  as  favored  by 
optimum  water  relations.  In  dry  years  the  tendency  is  toward  the 
production  of  a  leaf  smaller  in  size,  thicker  and  more  dense  in  structure, 
more  gummy,  more  aromatic,  less  elastic,  darker  colored,  of  poorer 
combustibility,  and  containing  more  nicotine.  Modifications  in 
cultural  practices,  especially  in  the  height  of  topping  and  in  the 
method  of  suckering  the  plants,  can  be  made  in  part  to  overcome  the 
adverse  effects  of  unfavorable  seasonal  weather  conditions. 

Generally  speaking,  rapid,  uninterrupted  growth  throughout  the 
season  favors  production  of  leaf  of  high  quality.  Nevertheless,  a 
limitation  of  the  rainfall  during  the  early  stages  of  growth  is  often 
advantageous  in  promoting  root  development  and  conserving  the 
plant -food  supply,  although  if  dry  conditions  persist  too  long,  subse- 
quent rains,  by  causing  extremely  rapid  growth,  may  produce  an 
excessively  thin,  flimsy  leaf.  Rains  following  drought  which  has 
persisted  up  to  the  approach  of  maturity  also  may  injure  the  quality 
of  the  crop  by  inducing  a  so-called  second  growth,  or  renewal  of 
vegetative  activity  in  the  leaf.  In  general,  only  light,  infrequent 
rains  are  desired  during  the  ripening  period.  When  curing  is  con- 
ducted at  ordinary  temperatures  without  the  use  of  artificial  heat, 
prolonged  periods  of  high  humidity  may  cause  losses  by  decay  or 
discoloration  of  the  leaf.  Judicious  use  of  artificial  heat  has  been 
shown  to  correct  this  tendency.  After  the  curing  is  completed,  a 
period  of  damp  weather  is  required  to  soften  the  tobacco  so  that  it  can 
be  stripped  and  graded  without  breakage. 

6  Darkis,  F.  R.,  Dixon,  L.  F.,and  Gross,  P.  M.    fixe-cured  tobacco,    factors  determining  type 
and  seasonal  differences.    Indus,  and  Engin.  Chem.,  Indus.  Ed.,  27:  1152-11.57,  illus.    1935. 
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Climate  and 
Vegetable  Crops 

By  Victor  R.  Boswell  and  Henry  A.  Jones  l 

THERE  ARE  probably  more  wa)s  of  getting  around  climatic 
handicaps  in  the  case  of  vegetables  than  there  are  with  any 
other  crops;  yet  it  is  also  true  that  climate  is  still  the  boss  in 
vegetable  production.  This  article  discusses  the  general  situa- 
tion and  then  gives  a  considerable  wealth  of  interesting  and 
practical  details  for  each  of  the  principal  vegetable  crops  grown 
in  the  United  States. 


1  Victor  K.  Boswell  is  Principal  Horticulturist  and  Henry  A.  Jones  is  Principal  Olericulturist,  Division 
of  Fruit  and  Vegetable  Crops  and  Diseases,  Bureau  of  Plant  Industry. 
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Although  Mark  Twain  was  doubtless  right  in  saying  that  everybody 
talks  about  the  weather,  he  was  not  entirely  correct  in  asserting  that 
nobody  does  anything  about  it.  It  is  true  that  man  can  do  nothing 
to  change  the  weather,  but  he' can  do  and  has  done  a  great  deal  to 
adapt  himself  and  his  agriculture  to  the  weather  of  diverse  environ- 
ments. The  group  of  plants  loosely  called  vegetable  crops  contains 
many  genera  and  species  that  are  now  being  profitably  grown  in 
regions  having  weather  very  different  from  that  in  their  native  habitats. 
No  other  group  of  economic  plants — except  ornamentals— contains  so 
many  species  that  are  being  extensively  grown  out  of  their  natural 
environment.  Despite  the  fact  that  the  native  range  of  many  of 
these  plants  appears  to  have  been  exceedingly  narrow  and  their 
climatic  requirements  rather  specific  and  exacting,  their  culture  may 
extend  over  20  to  25  degrees  of  latitude,  from  sea  level  to  5,000  or 
6,000  feet  of  altitude,  and  over  a  considerable  range  of  rainfall. 

There  are  several  reasons  why  most  of  the  vegetable  crops  are  more 
adaptable  to  extremes  of  latitude  and  altitude  than  are  most  field 
and  tree  crops. 

Most  important  is  the  relative  ease  and  cheapness  with  which  seed 
can  be  produced  in  especially  favorable  locations  and  shipped  any  dis- 
tance to  the  place  where  the  plants  are  to  be  grown  for  food.  The  seed 
of  many  important  vegetable  crops  cannot  be  produced  successfully 
and  economically  in  the  areas  of  most  extensive  culture.  Most  of 
the  20,000  acres  of  spinach  in  Texas  has  in  the  past  been  planted  with 
seed  from  Holland  and  Denmark  and  the  extensive  crop  of  Bermuda 
onions  from  seed  produced  in  the  Canary  Islands  and  in  California. 

Again,  many  plants  produce  edible  crops  in  such  a  short  time  that 
they  can  be  sown  somewhere  in  this  country  almost  every  month  in 
the  year  and  in  almost  every  locality  at  some  season  and  encounter 
climatic  conditions  favorable  for  food  production  if  not  seed  produc- 
tion. By  following  the  march  of  the  seasons  northward  in  the  spring 
and  southward  in  the  fall,  growers  have  vastly  increased  the  geo- 
graphic range  of  useful  species.  This  purposeful  and  artificial  adap- 
tation of  comparatively  short-season  crops  to  the  shifting  seasonal 
weather  up  and  down  the  country,  together  with  present-day  in- 
comparable transportation  facilities,  makes  possible  an  uninterrupted 
year-round  supply  throughout  the  country  of  most  of  the  favorite 
fresh  vegetables.  Long-season  crops,  biennials,  and  perennials  are 
necessarily  restricted  to  areas  where  the  weather  remains  favorable 
for  many  months  or  throughout  a  period  of  years. 

Finally,  the  relatively  low  cost  of  bringing  most  short-season  vege- 
table crops  to  harvest  and  the  opportunity  for  speculative  operations 
encourage  production  in  the  face  of  hazards  that  would  be  far  too 
great  for  most  long-season  and  perennial  crops.  The  probability  of 
destruction  of  perennial  crop  plants  by  adverse  weather  at  intervals 
of  a  few  or  even  many  years  will  discourage  if  not  prevent  planting  in 
hazardous  locations.  Thus  economic  forces  as  well  as  biological 
factors  play  a  part  in  determining  the  geographic  limits  of  the  culture 
of  vegetable  crops. 

If  potatoes,  sweetpotatoes,  and  dry  beans  (sometimes  classed  as 
field  crops)  are  included  with  other  vegetable  crop  plants,  the  United 
States  harvests  about  8,500,000  acres  of  vegetables  for  sale  annually, 
with  a  farm  value  in  excess  of  $500,000,000.     The  portion  of  the 
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crops  moved  to  market  by  rail  amounts  to  well  over  500,000  carloads. 
No  accurate  figures  are  available  on  the  amount  hauled  by  truck, 
but  it  is  conservatively  estimated  as  equivalent  to  200,000  to  300,000 
carloads.  In  addition  the  value  of  vegetables  grown  in  farm  gardens 
for  home  use  is  estimated  at  $300,000,000. 

REGIONS    OF    PRINCIPAL    COMMERCIAL    PRODUC- 
TION OF  VEGETABLES  IN  THE  UNITED  STATES 

Although  at  least  a  few  kinds  of  vegetables  can  be  grown  in  home 
and  market  gardens  at  some  season  in  every  farming  region  of  the 
country,  most  of  the  extensive  commercial  production  has  developed 
in  well-defined  areas  with  favorable  climate  or  soil,  or  access  to  market, 
or  some  combination  of  these  factors.  Enormous  developments  have 
been  made  in  some  areas  with  very  poor  sandy  soil  where  the  favorable 
weather  permits  winter  culture  of  crops  of  relatively  high  value. 
Certain  crops,  like  cauliflower,  need  the  modifying  influence  of  large 
bodies  of  water  to  prevent  extreme  fluctuations  in  temperature; 
others,  like  the  cantaloup,  need  low  atmospheric  humidity  and  an 
abundance  of  sunshine.  Some  other  areas  with  poor  sandy  soil  have 
become  important  despite  a  short  growing  season  because  they  are 
close  to  good  markets.  Thus  climate  is  only  one  factor  that  has 
determined  the  distribution  of  this  huge  industry,  but  it  is  so  far  the 
most  important  one. 

Commercial  vegetable  production  is  most  highly  developed  in — but 
not  confined  to — five  major  regions. 

(1)  Atlantic  and  Gulf  region — a  belt  of  variable  width  from  Massa- 
chusetts to  Texas,  extending  back  from  the  coast  100  miles  or  more 
in  the  Middle  Atlantic  and  South  Atlantic  States.  This  region  is 
generally  nonirrigated. 

(2)  The  Great  Lakes  region — a  broad  and  irregular  area  extending 
from  upper  New  York  State  around  the  Lakes  and  up  into  Minnesota. 
This  also  is  nonirrigated. 

(3)  Certain  intermountain  valleys  in  Colorado,  Utah,  and  Idaho. 
These  lands  are  generally  irrigated  except  for  dry-land  beans  and  peas. 

(4)  The  Rio  Grande  Valley  of  Texas — generally  irrigated. 

(5)  Pacific  coast  and  intermountain  valleys  of  Arizona  and  Cali- 
fornia— generally  irrigated. 

Cool-season  crops  are  grown  throughout  the  Atlantic  and  Gulf 
region  in  suitable  seasons.  The  warm-season  crops  too,  except  egg- 
plant, pepper,  sweetpotato,  and  watermelon,  are  grown  very  exten- 
sively from  New  York  City  northward  as  well  as  southward.  The 
Great  Lakes  region  is  naturally  best  adapted  to  the  cool-  and  medium- 
season  crops,  some  of  it  being  too  cool  or  having  too  short  a  growing 
period  for  the  definitely  warm-season  crops  like  sweetpotatoes  and 
watermelons.  The  intermountain  valleys  of  region  3  lie  at  such  high 
elevations  or  latitudes  that  generally  the  warm-season  crops  are  not 
extensively  grown.  Although  the  lower  Rio  Grande  Valley,  like 
southern  Florida,  is  far  enough  south  for  the  warm-season  crops  even 
in  winter,  much  of  the  vegetable  acreage  is  devoted  to  cool-  and 
medium-season  crops  grown  during  periods  unfavorable  for  their 
production  in  the  North.  The  coastal  areas  and  valleys  of  region  5 
differ  so  much  in  climate,  depending  on  topography  and  distance  from 
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the  ocean,  that  they  cannot  be  characterized  by  general  statements. 
As  almost  all  types  of  climate  and  soil  occur  in  this  region  practically 
all  crops,  including  some  rather  uncommon  ones,  are  grown  within  it. 

RELATION  OF  CLIMATE  TO  THE  DISTRIBUTION  OF 
VEGETABLE  PRODUCTION 

A  rich  sandy  loam  is  considered  best  for  growing  most  vegetable 
crops,  but  even  those  usually  considered  rather  exacting  in  soil  require- 
ments are  successfully  grown  on  a  surprisingly  wide  range  of  soil 
classes  and  types.  In  the  East,  for  example,  root  crops  are  rarely 
grown  on  heavy  soils,  but  in  some  western  irrigated  valleys  carrots 
and  other  root  crops  are  grown  successfully  on  heavy  silts  and  silt 
loams.  Such  results  would  doubtless  be  impossible  in  nonirrigated 
regions,  but  under  irrigation  a  soil-moisture  content  can  be  maintained 
that  permits  suitable  and  timely  soil  preparation  and  cultivation, 
assures  good  stands,  promotes  continuous  growth,  and  facilitates 
harvesting.  Consequently  it  appears  that  the  type  and  native  fertility 
of  the  soil,  while  important,  do  not  determine  the  geographic  distri- 
bution of  vegetable  crops  of  high  value.  Within  limits  the  suitability 
of  a  certain  soil  is  determined  largely  by  the  weather  and  the  resultant 
water  supply. 

Rainfall 

Among  vegetable  crops  only  certain  beans  can  be  considered  as 
definitely  drought-resistant.  All  others  require  relatively  large 
amounts  of  available  water  in  the  soil  throughout  the  crop  season. 
Commercial  production  is  therefore  confined  chiefly  to  regions  having 
either  ample  irrigation  water  or  an  annual  rainfall  of  between  30  and 
40  inches  or  more.  More  important  than  the  annual  rainfall  is  the 
20  to  25  inches  of  rainfall  required  during  the  6  months'  growing 
season — a  very  rough  figure  since  the  efficiency  of  the  water  supply 
is  dependent  upon  many  factors.  Dry  lima  beans  and  dry  common 
beans  are  grown  extensively  as  dry-land  crops  in  certain  favorable  lo- 
cations having  no  more  than  15  to  20  inches  of  annual  rainfall.  Some 
of  the  onions  and  some  spinach  are  also  handled  in  this  manner. 

Despite  an  apparently  ample  annual  rainfall  over  the  central 
South  and  much  of  the  Middle  West,  frequent  serious  droughts  limit 
extensive  commercial  production  of  many  vegetables.  There  is, 
however,  rather  widespread  and  extensive  culture  of  sweetpotatoes, 
tomatoes,  sweet  corn,  and  melons  throughout  these  areas. 

Closely  associated  with  rainfall  is  the  factor  of  atmospheric  humid- 
ity. Large  areas  in  the  Southwest,  the  Great  Plains,  and  sometimes 
in  the  Corn  Belt  experience  such  low  humidity  and  such  drying  winds 
in  summer  that  normal  development  and  fruitfulness  are  seriously 
retarded.  Tomatoes,  peppers,  some  kinds  of  beans,  and  other 
vegetable  plants  grown  for  their  fruits  or  seeds  may  be  barren  for  long- 
periods  because  of  damage  done  to  the  flowers  by  the  hot,  dry  air. 
Even  though  they  are  tolerant  of  high  temperatures,  such  crops  must 
be  planted  so  as  to  escape  this  weather  as  much  as  possible. 

Although  there  is  no  deficiency  of  rainfall  for  the  production  of 
vegetable  seeds  in  the  East,  seed  growing  is  conducted  predominantly 
under  irrigation  in  the  West.     Certain  seed-borne  diseases  are  far 
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less  prevalent  on  seeds  grown  in  regions  of  low  humidity  and  with 
little  or  no  rain  during  the  season.  Such  regions  also  provide  ideal 
conditions  for  pollination  and  setting  of  seed.  Most  important,  how- 
ever, is  the  absence  of  rain  during  harvesting  and  the  ability  to  cure 
and  thresh  seeds  hi  the  open. 

Temperature 

In  very  few  areas  of  this  country  is  the  commercial  production  of 
most  common  vegetables  prevented  throughout  the  year  by  adverse 
temperatures.  The  temperatures  of  the  southernmost  parts  are 
favorable  in  the  fall,  winter,  and  spring  if  not  in  midsummer:  and  in 
the  northernmost  part  except  at  high  elevations  nearly  all  vegetables 
except  peppers,  eggplant,  watermelons,  sweetpotatoes,  okra.  and  the 
Late-maturing  varieties  of  squash  and  pumpkin  are  grown  more  or 
less  extensively  if  other  conditions  are  favorable. 

Since  the  best  prices  are  generally  obtained  when  supplies  of  a.  given 
crop  are  meager,  vegetable  growers  strive  for  exceptionally  early  or 
late  harvests,  depending  on  the  time  of  the  year.  They  try  to  avoid 
the  peak  production  of  their  own  or  competing  areas.  Consequently 
there  is  a  constant  effort  to  push  planting  and  harvest  just  as  close 
to  the  limits  of  normal  seasonal  temperature  levels  as  possible.  Areas 
characterized  by  a  gradual,  consistent  temperature  rise  in  the  spring 
and  the  reverse  in  the  autumn,  with  a  minimum  of  unseasonable,  wide. 
and  sudden  fluctuations,  are  most  favorable  because  there  is  less 
danger  of  early  and  late  crop  losses.  While  this  is  true  for  all  kinds 
of  farming,  it  is  especially  important  for  vegetable  growers,  to  whom 
time  of  harvest  is  so  vital.  Regions  at  high  elevations  and  those  far 
removed  from  the  modifying  and  equalizing  effects  of  large  bodies  of 
water  are  generally  more  hazardous  than  protected  valleys  and  coastal 
or  lake-shore  areas.  It  will  be  recalled  that  the  greatest  market-vege- 
table plantings  are  along  the  seacoasts.  in  the  Great  Lakes  region. 
and  in  protected  valleys.  Since  the  time  of  harvest  of  crops  grown 
for  canning  and  freezing  is  generally  not  so  important  as  good  quality, 
high  yield,  and  cheap  production,  heavy  concentrations  of  crops  for 
these  purposes  are  found  in  some  regions  where  very  early  or  late 
planting  designed  to  catch  the  highest  market  prices  for  fresh  products 
would  be  too  hazardous — as.  for  example,  in  the  Corn  Belt. 

Since  it  is  impracticable  here  to  discuss  the  temperature  require- 
ments and  responses  of  all  the  more  than  30  commercially  important 
vegetable  crops  separately,  the  following  rough  grouping  is  made. 

A.  Distinctly  cool-region  crops  that  prefer  60c  to  85"  F.  and  are  intolerant  of 
high  summer  temperatures  (above  a  monthly  mean  of  about  70°  to  71 

1.   Very  hardy  crops  that  normally  may  encounter  freezing  weather  in 
the  field  without  injury. 

(a)  Cabbage  and  related  plants:  Cabbage,  brussels  sprouts,  kale, 
turnips,  rutabagas,  kohlrabi,  eollards.  sprouting  broccoli,  horseradish 
(a  perennial. 

(b)  Spinach  and  bt 
Parsnips. 

2  isually  damaged  by  freezing  weather. 

<  Cauliflower  and  heading  broccoli. 

uce. 
i  arror-  and  celery. 

(e)  Petal 
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B.  Crops  adapted  to  a  wide  range  of  temperature  but  not  tolerant  to  freezing. 

1.  Crops  adapted  to  monthly  means  of  55°  to  75°  and  tolerant  to  frost 
under  certain  conditions:  Onions,  garlic,  leeks,  shallots. 

2.  Crops  adapted  to  monthly  means  of  65°  to  80°  but  not  tolerant  to 
frost  or  prolonged  exposure  near  freezing. 

(a)  Muskmelons,  cucumbers,  squash,  pumpkins. 

(b)  Beans,  all  kinds. 

(c)  Tomatoes,  peppers  (some  varieties). 

(d)  Sweet  corn. 

C.  Distinctly  warm-region,  long-season  crops  that  are  intolerant  of  cool 
weather  (will  not  thrive  below  a  mean  of  about  70°  F.). 

1.  Watermelons. 

2.  Sweetpotatoes. 

3.  Eggplant,  peppers  (some  varieties). 

4.  Okra. 

D.  Perennial  crops:    Asparagus,  globe  artichoke,  rhubarb. 

This  article  is  not  intended  as  a  detailed  planting  calendar  for  all 
vegetable  crops,  and  space  cannot  be  devoted  here  to  that  subject. 
The  interested  reader  is  referred  to  Farmers'  Bulletin  1673,  entitled 
"The  Farm  Garden,"  2  which  contains  maps  and  tables  showing  the 
earliest  and  latest  safe  planting  dates  of  the  common  vegetables  all 
over  the  United  States. 

Length  of  Day 

The  length  of  the  growing  period,  type  of  development,  and  time  of 
maturity  of  a  few  common  vegetable  crops  are  profoundly  affected 
by  the  length  of  the  daylight  period  during  growth.  The  culture  of 
no  species  is  precluded  on  account  of  adverse  day  length,  although 
certain  varieties  of  a  few  crops  can  be  grown  only  in  the  North  and 
others  only  in  the  South.  Changes  in  photoperiod  (length  of  day- 
light) are  closely  correlated  with  changes  in  temperature,  thus  con- 
founding the  effects  of  two  quite  different  factors.  For  the  United 
States  as  a  whole,  the  periods  of  longer  days  are  warm  and  those  of 
the  shorter  days  cool;  but  at  high  altitudes  and  in  the  far  North, 
the  temperature  is  relatively  low  despite  long  days.  Conversely,  in 
the  lower  South,  temperatures  are  relatively  high  despite  short  days. 

Spinach,  onions,  potatoes,  and  cucumbers  are  sensitive  to  day 
length,  and  the  subject  will  be  discussed  in  connection  with  these 
crops. 

RELATION  OF  CLIMATE  TO  QUALITY 

It  is  well  known  that,  in  general,  market  and  eating  quality  of 
vegetable  products  is  closely  correlated  with  yield;  optimum  growth 
is  usually  accompanied  by  the  highest  quality,  while  any  unfavorable 
condition  that  depresses  yields  is  likely  to  impair  quality.  The 
harmful  effects  of  drought  and  mechanical  damage  caused  by  storms 
are  obvious.  The  direct  and  indirect  effects  of  temperature  and 
excessive  moisture  are  not  so  generally  appreciated. 

Surprising  as  it  may  seem  to  some,  it  is  difficult  to  grow  most 
vegetables  in  midsummer  in  the  South.  The  long  season,  the  frequent 
rainfall  in  the  humid  regions,  and  the  high  prevailing  temperatures  are 
conducive   to   the   intensive   development  of  insect  pests  and  plant 

i  obtainable  from  the  Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  C, 
at  10  cents  a  copy.     Do  not.  sen.l  stamps  in  payment. 
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-  -  High  temperatures  speed  up  growth  and  maturity,  causing 
the  majority  of  vegetable  plants  to  reach  the  harvest  stage  quickly 
and  remain  usable  for  only  a  short  period.  Harvesting  must  be 
prompt  and  the  harvest  period  often  short  lest  the  products  be  past 
their  prime  and  of  inferior  quality.  After  harvest,  too.  deterioration 
of  the  fresh  product  is  much  faster  at  high  than  at  low  temperatures- 

In  peas  (3)  s  and  sweet  corn  (l)r  for  example,  the  maturing  processes 

have  been  shown  to  be  approximately  doubled  in  rate  by  an  18°  F. 

temperature.     Thus  at  82a  these  products  remain  in  good  har- 

ng  condition  about  half  as  long  as  at  64°.     The  difficulty  of  obtain- 

_  _  od  quality  and  retaining  it  in  such  crops  when  they  mature  dur- 
ing hot  weather  is  obvious.  Even  though  they  approach  harvest  in 
fine  condition,  a  sudden  and  untimely  hot  spell  can  wreak  havoc  with 
many  of  them.  Loss  of  sugars  resulting  from  a  high  rate  of  respira- 
tion and  the  development  of  strong  flavors  follow  even  if  no  visible 
damage  occurs.  Lettuce  is  subject  to  tipburn  (27),  and  other  leafy 
crops  such  as  spinach  and  cabbage  lose  their  best  flavor  or  become 
_  as  well  as  less  attractive  at  high  temperatures.  Even  some 
warm-weather  crops  are  subject  to  damage  by  excessive  heat  and  sun. 
Tomatoes  scald  when  exposed  to  the  sun.  and  even  beans  may  be  dam- 
aged 1 1  a  .  The  high  summer  temperatures  of  the  Middle  and  South- 
s  retard  optimum  color  development  in  tomatoes  (5)  and 
cause  heavy  zoning  of  the  interior  color  of  beets  (17).  Rain  on  ripen- 
ing tomatoes  is  conducive  to  cracking:  (//)- 

The  indirect  effects  of  weather  on  quality  through  the  ravages  of 
-  -  s  may  be  even  more  serious  than  the  direct  effects. 
Defoliation  diseases  prevent  the  development  of  high  quality  in  fruits 
of  the  tomato,  pepper,  muskmelon.  cucumber,  and  bean  even  if  moder- 
ate yields  are  obtained.  Yields  are  usually  curtailed  or  entirely 
stopped  by  serious  damage  by  leaf  diseases.  Fruit  and  root  troubles 
also  take  their  toll. 

In  general  the  present  varieties  of  most  vegetables  develop  their 
highest  quality  in  the  cooler  parts  of  the  regions  or  seasons  to  which 
ire  adapted.  This  is  true  probably  because  heretofore  most  of 
the  breeding  and  selection  work  has  been  done  in  the  more  northerly 
part  of  the  country,  and  consequently  varieties  have  not  been  devel- 
oped for  southern  conditions. 

OVER*  OMING  THE  LIMITATIONS  OF  CLIMATE 

It  was  chiefly  because  of  the  great  need  for  vegetable  varieties  better 
adapted  to  the  Southeast  that  the  United  States  Regional  Vegetable 
Breeding  Laboratory  was  established  at  Charleston.  S.  C.  A  com- 
preht :  a  operative   vegetable-breeding  program   is  now  being 

carried  on  by  this  laboratory  and  the  experiment  stations  in  the 
Southeastern   S 

In  the  North,  especially  in  the  high-plateau  districts  of  the  Rocky 
Mountains,  the  number  of  crops  and  varieties  that  can  be  grown  is 
limited  by  the  short  growing  season.  Quick-maturing  varieties  of 
-  -.ender  plants  are  needed,  and  it  is  chiefly  in  this  phase  of  the 
problem  that  the  vegetable  breeders  at  the  United  States  Cheyenne 
Horticultural  Field  Station  are  interested. 

-----  ■      ---•  _•-.     -~-r  -    •-- 
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Aside  from  breeding,  various  other  means  have  been  used  for  a  long 
time  to  overcome  the  handicaps  imposed  by  climate.  Among-  these 
may  be  mentioned  the  growing  of  vegetables  in  the  artificial  climates 
of  coldframes,  hotbeds,  and  greenhouses.  Starting  plants  in  the  field 
tinder  hot  caps  or  other  kinds  of  protectors  to  extend  the  growing 
season  is  a  common  practice  in  many  districts. 

Irrigation  has  probably  done  more  than  anything  else  to  extend  the 
frontiers  of  vegetable  production.  What  were  sun-baked  deserts  at 
the  turn  of  the  century  are  now  our  most  productive  vegetable  dis- 
tricts. Irrigation,  however,  cannot  be  given  all  the  credit.  Most  of 
the  irrigated  districts  are  far  removed  from  the  large  consuming  cen- 
ters. Perishable  crops  hauled  from  these  production  areas  to  the  far- 
away markets  during  hot  weather  were  subject  to  serious  losses.  Since 
the  development  of  the  modern  refrigerator  car  with  its  regulated  tem- 
perature, crop  regions  and  transportation  are  so  finely  adjusted  that 
fresh  vegetables  of  all  kinds  are  available  to  consumers  almost  every- 
where throughout  the  year. 

CLIMATIC  REQUIREMENTS  OF  SPECIFIC  CROPS 

Since  all  the  vegetable  crops  except  certain  beans  require  an  abun- 
dance of  water  during  the  growing  season,  they  will  be  discussed  mainly 
from  the  standpoint  of  temperature  relations,  although  moisture  and 
other  effects  will  be  included  whenever  they  are  of  special  importance. 

Very  Hardy  Cool-Season  Crops 

Cabbage 

Cabbage  is  grown  commercially  to  some  extent  in  every  State.  Well-hardened 
fall  cabbage  plants  will  survive  winter  temperatures  in  the  field  as  low  as  0°  F. 
for  short  periods  if  they  are  of  optimum  size  for  wintering-over.  To  survive  such 
extreme  cold,  the  young  plants  must  be  stocky  and  sturdy  and  have  stems  approxi- 
mately the  diameter  of  a  lead  pencil.  Larger  or  smaller  plants  are  less  hardy, 
and  the  larger  plants,  if  they  survive,  are  likely  to  shoot  to  seed  instead  of  forming 
heads  in  the  spring  (/,).  When  cabbage  is  in  an  actively  growing  condition  it  is 
definitely  non hardy  and  will  be  damaged  by  sudden  freezing. 

Cabbage  grows  best  at  monthly  means  of  60°  to  70°  F.  Grown  as  a  midseason 
or  late  crop  in  the  North  and  as  a  fall  crop  in  the  South,  it  encounters  cooler 
weather  gradually.  It  will  approach  the  head  stage  slowly  at  mean  temperatures 
of  55°  to  60°  and  stand  safely  for  many  days  at  a  mean  of  about  50°,  which 
permits  a  long  harvest  period  of  good-quality  cabbage.  It  will  stand  frost  in  the 
fall  or  winter  in  the  head  stage,  but  freezing  then  is  generally  destructive.  When 
the  monthly  mean  rises  above  70°,  growth  is  slow  and  abnormal,  and  the  quality 
is   usually   poor. 

Cabbage  is  a  biennial  and  requires  a  dormant  period  at  cool  temperatures  to 
bolt — initiate  the  (lower  stalks  and  flowers.  In  its  native  habitat  this  cool  period 
conies  during  the  winter  after  the  first  summer's  growth  and  is  followed  by  flower 
and  seed  production  in  the  second  season  or  year.  In  plants  that  have  formed 
heads,  exposure  to  a  mean  temperature  of  about  40°  F.  for  6  to  8  weeks  will  induce 
seed  stalks  (19),  while  in  immature  plants  as  little  as  2  weeks  of  such  temperatures 
will  suffice  if  the  stems  are  appreciably  larger  than  a  lead  pencil.  Thus  the  size  of 
plants  to  be  wintered  over  must  be  carefully  controlled  (4). 

Spring-planted  cabbage  sometimes  encounters  late  spells  of  weather  sufficiently 
cool  to  induce  seed-stalk  formation  instead  of  heading.  Precautions  should  be 
taken  therefore  to  grow  strains  and  varieties  less  susceptible  to  bolting  and  to 
hold  down  plant  size  until  danger  of  cold  is  past.  The  Early  Jersey  Wakefield 
and  Charleston  Wakefield  varieties  bolt  less  readily  than  "most  others,  while 
Copenhagen  Market  and  Golden  Acre  bolt  very  readily.  If  cabbage  plants  are 
kept  continually  at  00°  to  70°  F.  they  will  remain  vegetative  for  years,  producing  a 
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succession  of  heads  at  the  top  of  an  ever-elongating  stem  that  will  reach  a  height 
of  several  feet  (19). 

The  United  States  Regional  Vegetable  Breeding  Laboratory  is  working  in  co- 
operation with  State  experiment  stations  to  develop  a  high-quality,  round-headed 
variety  of  cabbage  that  will  stand  winter  culture  in  the  Southeast  without  cold 
injury  and  will  also  be  resistant  to  bolting  in  the  spring.  The  present  round 
varieties  are  not  hardy  enough  for  wintering-over,  and  they  also  tend  to  shoot  to 
seed  instead  of  forming  heads  after  a  long  cool  spell.  The  hardy,  nonbolting 
varieties  now  available  have  pointed  heads  and  are  considered  less  desirable  than 
certain  round  varieties  for  market. 

Cabbage  is  much  more  susceptible  to  damage  by  the  yellows  disease  ffusarium 
wilt)  at  high  than  at  low  temperatures  (29).  The  more  susceptible  varieties  are 
seriously  damaged  at  lower  temperatures  than  are  the  more  resistant  sorts.  For 
example,  a  moderately  resistant  variety  may  show  only  5  to  10  percent  infection 
after  3  weeks  at  59°  F.,  while  the  same  strain  will  be  100  percent  infected  in  the 
same  time  when  grown  at  77°  F.  As  the  temperature  rises,  the  damage  is  more 
severe  in  the  infected  plant. 

Cabbage  blackleg,  a  seed-borne  disease,  spreads  rapidly  from  centers  of  in- 
fection during  rainy  weather  (28).  In  order  to  hold  blackleg  infection  to  a 
minimum,  most  of  the  cabbage  seed  grown  in  America  is  produced  under  irrigation 
in  Washington  State,  in  a  locality  where  temperatures  are  mild  and  rainfall  and 
humidity  are  low. 

Turnips  and  Rutabagas 

The  minimum,  optimum,  and  maximum  growth  temperatures  of  turnips  and 
rutabagas,  root  crops  of  the  cabbage  family,  are  rather  similar  to  those  of  cabbage, 
but  when  immature  the  plants  will  tolerate  short  periods  of  chilling  at  a  mean  of 
about  40°  F.  better  than  cabbage.  They  are  not  so  likely  to  shoot  to  seed  pre- 
maturely. When  they  reach  marketable  size,  mild  freezing  weather  is  less 
damaging  to  them  than  it  is  to  cabbage. 

Though  the  critical  temperatures  for  these  two  crops  are  essentially  the  same, 
the  distribution  of  extensive  culture  is  quite  different,  because  it  requires  about  4 
months  to  produce  a  crop  of  rutabagas  and  only  about  3  months  for  turnips. 
Since  the  latter  reach  market  size  quickly,  they  can  be  sown  on  either  a  rising  or  a 
falling  seasonal  change  and  still  escape  excessive  heat  or  cold.  Rutabagas,  how- 
ever, develop  so  slowly  that  they  will  generally  encounter  injuriously  high  temper- 
atures if  sown  in  either  spring  or  late  summer  in  the  middle  part  of  the  country 
where  the  July  and  August  means  are  above  75°  F.  Consequently  rutabaga  is 
grown  chiefly  north  of  the  75°  isotherm  for  August,  while  turnips  are  grown  in 
every  State.  Mean  temperatures  above  75°  cause  serious  damage  to  the  leaves 
of  both  crops,  depressing  growth  or  ruining  the  plants.  In  rutabaga,  high  temper- 
atures cause  the  formation  of  undesirably  long  "necks"  and  poorly  shaped  roots. 
When  sown  in  the  spring  a  few  varieties  of  turnip  normally  produce  a  few  seed- 
stalks  by  midsummer,  but  the  Shogoin  variety  is  a  notoriously  premature  seeder. 
Insect  pests  are  also  especially  severe  on  these  crops  during  hot,  diy  weather. 

Brussels  Sprouts,  Kale,  and  Collards 

Brussels  sprouts,  kale,  and  collards,  all  close  relatives  of  cabbage,  are  also  char- 
acteristic of  the  species  in  that  they  will  not  tolerate  monthly  mean  temperatures 
much  above  70°  F.  Since  they  are  hardy  to  freezing  at  the  market  stage  ''hardier 
than  cabbage)  and  cool  weather  actually  improve-  their  eating  quality,  they  are 
grown  chiefly  as  fall  crops.  They  survive  the  winter  without  protection  from 
the  Chesapeake  Bay  area  southward  and  through  the  Gulf  States.  Kale  and 
brussels  sprouts  are  grown  chiefly  along  the  Middle  Atlantic  coast,  and  collards 
almost  entirely  in  'he  South. 

Sprouting  Broccoli 

Sprouting  broccoli  is  not  to  be  confused  with  heading  broccoli;  the  latter  is 
indistinguishable  from  cauliflower  on  the  market.  Sprouting  broccoli,  as  well  as 
some  other  closely  related  forms  of  Brassica,  is  grown  for  its  large,  thick,  gref-n, 
branching  flower  stalks  terminated  with  massive  clusters  of  flower  buds.  It  i< 
far  less  exacting  than  cauliflower  and  heading  broccoli,  being  grown  generally 
wherever  cabbage  can  be  grown.     The  mean  climatic  requirements  are  similar  to 
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those  of  cabbage.  Commercial  culture  of  sprouting  broccoli  is  becoming  general 
over  the  country,  but  it  is  produced  chiefly  in  the  five  principal  regions  outlined 
earlier  in  this  article.  As  the  monthly  mean  temperatures  go  abo\e  60c  F.,  yields 
and  quality  are  very  seriously  reduced. 

Spinach 

The  most  extensive  plantings  of  spinach  are  in  Texas.  California,  Virginia, 
Maryland,  Pennsylvania,  New  Jersey.  Oklahoma,  and  Louisiana,  in  approxi- 
mately the  order  named.     It  is  grown  as  a  late-fall,  a  winter,  and  a  spring  crop. 

Spinach  is  a  cool-season  plant  that  grows  well  at  mean  temperatures  of  only 
50°  to  60°  F.  and  will  tolerate  subfreezing  temperatures  for  many  weeks  after  fail 
sowing.  Seed  for  early  spring  crops  in  the  Chesapeake  Bay  area  is  sometimes 
sown  broadcast  in  late  winter,  on  frozen,  fall-prepared  soil.  Alternate  freezing 
and  thawing  covers  the  seed.  Small  seedlings  and  plants  approaching  full  i>ize 
are  distinctly  less  hardy  than  those  that  have  developed  a  few  good  leaves  at  the 
onset  of  cold  weather. 

Knott  (14)  has  shown  that  the  interrelationships  of  temperature,  length  of  day- 
light, and  stage  of  plant  development  as  affecting  seedstalk  formation  and  mar- 
ketable plants  are  rather  complex.  Either  high  temperature  or  a  long  daylight 
period  is  conducive  to  seedstalk  formation,  a  condition  that  makes  the  plant 
undesirable  for  either  market  or  canning.  The  combination  of  high  temperature 
and  long  days  is  most  adverse  for  vegetative  growth.  If  either  factor  is  low, 
seeding  is  delayed.  The  response  to  either  or  both  factors  at  a  given  time  is 
dependent  in  part  upon  the  previous  history  of  the  plants.  For  example,  high 
temperature  following  low  temperature  during  the  early  stages  will  have  a  more 
disastrous  effect  than  would  low  temperature  following  high  temperature.  Thus 
sudden  warm  weather  in  the  spring  rather  promptly  terminates  the  vegetative 
growth  of  spinach  wintered  over  or  planted  very  early.  For  more  detailed  dis- 
cussion of  these  relationships  the  reader  is  referred  to  the  extensive  studies  of 
Knott  (14). 

High  temperatures  (70°  to  80c  F.)  produce  a  less  savoyed  (crinkled)  and  less 
sturdv  tvpe  of  leaf  growth  and  one  of  lower  market  qualitv  than  do  low  tempera- 
tures* (55°  to  65°  F.  . 

Beets 

Beets  are  grown  for  early  (winter)  shipping  as  bunched  beets  mainly  in  Texas 
and  Louisiana  and  for  the  intermediate  season  in  New  Jersey.  For  canning, 
the  crop  is  grown  in  summer,  heavily  concentrated  in  the  cool  districts  of  New 
York,  Michigan,  and  "Wisconsin. 

The  beet  is  normally  a  biennial,  making  only  vegetative  growth  and  an  enlarged 
storage  root  in  its  first  uninterrupted  season's  growth.  If  this  is  followed  by  a 
cool  period  of  40°  to  50°  F.  or  lower  for  3  to  4  weeks,  the  plants  will  produce 
seedstalks  upon  resuming  growth  at  temperatures  of  60c  to  70c.  Young,  imma- 
ture beet  plants  that  are  exposed  to  more  than  about  2  weeks  of  temperatures 
appreciably  below  50°  tend  strongly  to  form  flower  stalks  instead  of  making  the 
desired  enlarged  root.  The  plant's  response  to  temperature  depends  largely  upon 
day  length,  and  the  interrelations  of  these  factors,  together  with  the  stage  of 
development  of  the  plant,  are  rather  complex.  Exposure  to  temperati: 
high  as  75°  to  80°  promptly  after  chilling  tends  to  prevent  seedstalk  formation. 
Day  lengths  shorter  than  12  hours  retard  seedstalk  development,  and  those  longer 
than  14  hours  hasten  it  markedly,  especially  if  the  plants  have  been  kept  cool 
(40°  to  50°  i  for  a  few  weeks.     Chrobocz  is  reported  extensive  studies  of 

these  relationships,  which  space  will  not  permit  presenting  in  detail  here. 

As  monthly  mean  temperatures  rise  much  above  70°  F.  they  retard  growth  and 
affect  appearance,  color,  and  texture  unfavorably.  The  long  days  of  the  northern 
beet -growing  areas  usually  do  not  induce  premature  seeding  because  the  crops 
are  planted  late  enough  in  the  spring  to  escape  the  long  cool  spells  that  help  induce 
it.  There  is  normally  little  trouble  with  premature  seeding  in  Texas  and  Louisi- 
ana, because  the  crop  is  planted  to  grow  from  warmer  into  cooler  weather,  the 
cool  weather  coming  during  the  short  days  of  late  fall  and  winter  which  retard 
seeding.  Although  the  beet  withstands  mild  freezing,  the  roots  cannot  be  wintered 
over  even  when  rather  small  because  they  shoot  to  seed  later.  If  the  plants  reach 
market  size  before  they  encounter  cold  weather,  they  will  survive  frost  or  mild 
freezing  for  some  weeks,  but  they  must  be  harvested  before  rising  temperature 
causes  them  to  bolt. 
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This  habit  of  bolting  after  exposure  to  low  temperatures  is  used  to  advantage 
in  the  production  of  the  garden-beet  seed  crop  of  t.  -      I  Ls  planted 

in  the  nursery  in  the  early  fall,  and  sometime  during  the  wind 

transplanted  to  the  field.      Following  a  prolonged  exposure  to  low  temperatures, 
practically  all  of  the  plants  bolt  to  seed  the  following  spring. 

Less  Hardy  Cool-    ls    s  Crops 
Peas 

The  garden  pea  i Pis urn  _\ish  pea  in  the  South  to 

it  from  edible  varieties  of  the   cowpea.  urdy  than  the  crop.  - 

in   the   preceding   section.     The   optimum   mean   temperatures   for   peas    (about 
55°  to  65°  F.;   are  probably  a  little  lower  than  for  cabbage,  but  pea 
seriously  damaged  by  frost.     Although  the  leaves  and  stems  may  not  be  damaged, 
slight  freezing  may  injure  or  destroy  the  blossoms  and  pods.     In  most  locat 
delay  in  harvesting  resulting  from  freezing  of  pla:-  or  pods  will  run  the 

crop  into  still  more  adverse  weather  (hot  or  cold)  before  a  profitable  yield  can  be 
developed.     A  temperature  as  high  as  80G  for  even  a  day  or  so  is  very 
to  cannery  peas  through  its   premature  ripening  effect,  lowering  the  qual;- 
also  the  yield. 

Varietal  differences  in  adaptability  are  partly  the  result  of  differences  in  the  time 
required  to  make  a  crop.     The  early  varieties  Ilk  .nd  Surpr 

rapidly  and  are  well  along  toward  harvest  before  harmful  temperatures  occt;  i 

orable  regions,  while  the  late  varieties  may  be  so  far  short  of  the  harvest 
stage  when  adverse  weather  occurs  that  they  fail  to  make  a  crop. 

There  is  a  further  varietal  difference  in  tolerance  to  high  temperature  at  any 
given  stage   of  development.     The   Alaska,   which    Ls    probably    the  mo-- 
tolerant  of  pea  varieties,  is  capable  of  developing  a  normal-appearing  phi 
temperatures  that  cause  a  definitely  stunted,  abnormal  growth  and  low  yield  in 
such  varieties  as  Perfection  or  Laxton  Progr 

Although  the  geographic  distribution  of  the  pea  and  cabbage  crops  coincides 
generally,  the  growing  of  peas  in  each  of  the  several  regions  must  be  carefully 
adjusted  so  as  to  avoid  extremes  of  weather  at  either  end  of  the  crop  seas-. 
Short  periods  of  either  heat  or  cold  not  damaging  to  cabbage  can  be  d 
peas.     The  plants  are  also  susceptible  to 

exaggerated  by  excessive  rainfall,  and  to  the  ravages  of  plant  lice,  which  h 
as  in  hot  dry  weather. 

In   some  of   the   warmer  pea-canning   districts,   such   as   parts   erf    Maryland, 
Illinois,  and  Ohio,  yields  are  far  below  those  of  the  cooler  pea-growing  a: 
New   York,    Wisconsin,    Minnesota,   and    Washington.  _:all  retur 

worth  while  under  such  conditions,  however,  because  harvest  is  eaiiy  enough  to 
permit  the  planting  of  some  other  crop  the  same  year. 

The    United    States    Regional    Vegetable    Breeding    Laboratory    has    recently 
selected  from  certain  hybrid  lots  of  peas  a  fei  ire  far  more  tolerant 

to  cold  than  any  market  type  now  being  grown.      Although  the  blossoms  and  pods 
are  destroyed  by  mild  freezing,  the  vines  are  undamage- 1  oloom  again  and 

yield  a  delayed  crop.     These  new  hard; 

the  laboratory  and  a  number  of  southern  experim-  rmine  their 

probable  value  for  commercial  use. 

Potatoes 

Climate  plays  a  very  important  part  in  potato  production.      The  "earfal 

culture  is  carried  on  in  the  northern  -  -  here  low  temperatures  r 

Smith   {££)   found  that  regions  north  of  the  isotherm   of  about    "  -  July 

produce  higher  yields  than  the  warmer  area.-  I  3    ith,  although  good 

of  early  vai  grown  below  the  70"  July  isotherm  in  the  spring  and  fall 

when  the  temperatures  are  relatively  low. 

In  no  other   vegetable  crop   has   the   influence  of  the   various  environmental 
factors  been  given  so  much  study  and  consideration.      Here  it   will     •       oss 
to  refer  only  briefly  to  a  few  of  the  -  of  the  potato  to  climat 

Richards  {21)    found  slightly  different   -oil  ten.   •  ptimum  for 

at  differ*-  _  growth.      The  young  sprouts  in  th«-  soil   ma 

-apid  development  at  a  constant  temperature  of  about  loz   F.,  bwJ 
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growth  was  best  at  approximately  64°.  Soil  temperatures  above  75°  caused 
excessive  branching  of  the  young  sprouts,  shortening  of  the  internodes,  decrease 
in  segmentation  of  the  leaves,  and  diminution  in  diameter  of  the  stem. 

The  progressively  lower  tuber  yields  at  higher  temperatures  are  due  to  a  reduc- 
tion in  the  synthesis  of  surplus  carbohydrate  over  that  consumed  in  respiration. 
Under  experimental  conditions  Bushnell  (6)  found  a  decrease  in  tuber  production 
at  constant  temperatures  above  68°  and  complete  inhibition  at  84°  F.  He 
suggests  that  under  field  conditions  the  temperatures  giving  complete  inhibition 
mav  be  somewhat  higher. 

The  growing  of  certified  potato  seed  is  limited  chiefly  to  the  North  and  to  high 
altitudes,  where  air  temperatures  are  cool.  Under  these  conditions  mosaic 
symptoms  are  very  distinct,  enabling  the  grower  to  do  effective  roguing  (removal 
of  diseased  plants).  Where  temperatures  of  77°  F.  or  higher  prevail,  mosaic- 
infected  plants  cannot  be  recognized  and  therefore  are  not  removed,  and  the 
disease  continues  to  spread.  Seed  produced  in  such  areas  will  give  a  high  per- 
centage of  mosaic  plants  when  used  for  the  commercial  crop. 

High-temperature  injury  to  the  tuber,  known  as  heat  necrosis,  has  been  noted, 
especially  on  sandy  soils  where  early  crops  mature  during  hot  weather.  It  is 
most  prevalent  after  the  vines  have  died,  leaving  the  soil  unshaded. 

Freezing  injury  to  the  developing  potato  plant  is  most  common  in  the  South, 
where  the  crop  is  grown  during  the  winter  or  early  spring.  It  may  range  from  a 
nipping  of  the  leaves  to  a  killing  back  of  the  plant  to  the  surface  of  the  soil.  When 
the  latter  occurs,  new  stems  form  from  buds  below  ground.  Varieties  differ  in 
their  ability  to  recover  from  freezing  injury;  those  able  to  send  up  new  sprouts 
most  quickly  are  favored  if  otherwise  they  are  equally  good. 

In  the  North  the  late  crop  season  is  often  cut  short  by  frosts  killing  the  vines 
prematurely.  Occasional  losses  also  occur  from  unseasonably  hard  freezes  that 
injure  the  tubers  in  the  soil  before  the  crop  is  harvested,  and  freezing  continues 
to  be  a  hazard  throughout  harvest,  storage,  and  transit. 

The  freezing  point  of  the  potato  averages  about  29°  F.,  ranging  from  28.5° 
to  29.5°.  Potatoes  exposed  for  several  weeks  to  temperatures  just  above  freezing 
turn  sweet  because  of  the  conversion  of  starch  to  sugar,  which  accumulates. 
This  makes  them  unpalatable  when  cooked  and  also  causes  an  undesirable  dark- 
colored  product  when  the  tubers  are  used  for  potato  chips.  The  excess  sugar, 
however,  can  be  reduced  by  storing  the  potatoes  for  a  time  at  60°  to  70°;  at  this 
temperature  the  surplus  sugar  is  used  up  in  respiration  and  by  transformation  to 
starch. 

Richards  (21)  found  that  the  injury  caused  by  Rhizoctonia  on  the  growing  points 
of  young  potato  shoots  before  they  emerge  occurs  only  at  temperatures  of  70°  F. 
or  below,  being  most  serious  at  54°.  The  amount  of  injury  is  dependent  upon  the 
rate  at  which  the  young  shoots  grow  through  the  soil.  Above  70°  the  rapid  devel- 
opment of  the  growing  point,  together  with  the  retardation  in  growth  of  the  fungus, 
permits  the  tips  of  the  young  shoots  to  escape  injury. 

The  potato  plant  also  shows  a  remarkable  response  to  length  of  daylight. 
Other  growth  factors  being  favorable,  there  is  an  increase  in  aerial  stem  elongation 
as  the  photoperiod  increases.  This  is  evident  as  one  proceeds  north,  as  well  as 
under  experimental  conditions  where  daylight  is  supplemented  by  varying  periods 
of  artificial  illumination.  Werner  (80)  reports  that  a  long  day,  high  temperature, 
and  an  abundant  external  supply  of  nitrogen  favor  vegetative  growth  in  all  plant 
parts  except  tubers.  Short  days,  low  temperature,  or  a  deficiency  of  nitrogen 
induce  early  tuberization.  Days  of  intermediate  length,  low  temperature,  and 
an  abundant  nitrogen  supply  bring  about  maximum  tuberization.  With  increase 
in  day  length  or  temperature  or  both,  vegetative  growth  increased,  whereas  tuber 
formation  occurred  as  these  factors  were  decreased.  Tubers  were  produced  at 
temperatures  commonly  considered  too  high  for  tuberization  by  withholding 
nitrogen  from  the  nutrient  solution,  and  at  even  higher  temperatures  by  use  of 
a  short — 10 H-hour — photoperiod. 

Flower  primordia  (groups  of  cells  that  will  develop  into  flowers)  may  be  differ- 
entiated in  well-grown  potato  plants  placed  in  complete  darkness  (12),  and  no 
significant  difference  occurs  in  the  number  differentiated  on  plants  exposed  to 
photoperiods  of  2,  4,  6,  and  8  hours.  Bud  and  flower  drop  is  common  in  almost 
all  varieties  and  is  one  of  the  most  serious  problems  in  a  potato-breeding  program 
because  it  prevents  the  production  of  sufficient  quantities  of  seed.  Recent  experi- 
ments .show  that  if  daylight  is  supplemented  by  lamplight  to  get  a  total  day  length 
of  16,,or  l?  hours,  much  larger  quantities  of  seed  will  be  produced.  This  long 
"day"  must  be  accompanied  by  cool  temperatures  and  high  relative  humidity. 
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Formerly  most  of  the  potato  pollinations  were  made  in  localities  that  satisfied 
these  conditions,  chiefly  in  northern  Maine,  northern  Minnesota,  and  at  Estes 
Park.  Colo.  But  even  in  these  most  favored  places,  a  few  days  of  cloudy  weather 
or  unseasonable  temperatures  often  caused  flowers  and  birds  to  drop.  To  avoid 
these  occasional  unfavorable  seasons,  the  potato  breeders  are  now  making  most 
of  their  pollinations  under  greenhouse  conditions,  where  the  best  temperature, 
humidity,  and  photoperiod  can  be  provided. 

A  practice  common  among  potato  growers  of  western  Europe  is  the  exposure  of 
thin  layers  of  seed  tubers  to  subdued  light  several  weeks  before  planting.  Such 
treatment  develops  short,  tough  green  sprouts:  but  exposure  of  freshly  cut  seed 
to  the  direct  rays  of  the  sun  at  high  temperatures  for  only  a  few  hours  'may  cause 
damage  resulting  in  a  considerable  reduction  in  stand.  If  table  stock  is  exposed 
to  light  sufficiently  long  to  cause  greening,  a  bitter  taste  develops,  rendering  the 
tubers  unfit  for  food. 

Potato  production  does  not  seem  to  be  greatly  influenced  by  atmospheric 
humidity  except  indirectly.  The  water  supply  pf  the  soil,  however,  must  be 
plentiful  to  provide  a  uniform  and  steady  tuber  growth.  An  uneven  water  sup- 
ply may  cause  knobbiness.  a  condition  that  detracts  from  the  appearance  of  the 
tuber  and  lowers  the  market  value.  A  check  in  growth  probably  "matures"  the 
tuber  tissue  except  in  the  neighborhood  of  the  eyes:  this  region  proceeds  to 
develop  again  under  favorable  growth  conditions,  causing  the  knoblike  growths. 

Poor  stands  and  the  accompanying  low  yields  are  often  the  result  of  clecay  of 
the  seed  piece  in  the  soil.  These  poor  stands  can  frequently  be  attributed  to  un- 
satisfactory healing  suberization)  of  the  seed  piece  due  to  unfavorable  climatic 
conditions  at  the  time  of  cutting  and  planting.  When  the  pieces  are  properly 
healed,  a  layer  of  cork  cells  is  formed  at  the  cut  surface,  preventing  the  entrance 
of  various  rot  organisms.  Probably  the  most  common  cause  of  improper  healing 
is  the  drying  out  of  the  seed  piece  before  planting.  For  instance,  if  seed  is  cut 
and  allowed  to  stand  for  some  time  in  a  strong  drying  wind,  the  exposed  cells  die. 
the  seed  piece  shrivels,  and  cork  cells  do  not  develop.  The  cut  surface  of  the 
seed  piece  may  dry  hard  and  later  crack,  and  when  it  is  planted,  parasitic  bacteria 
and  fungi  may  invade  and  destroy  it.  Seed  pieces  planted  immediately  after 
cutting  will  heal  before  the  soil  organisms  have  had  an  opportunity  to  invade  the 
tissue,  if  favorable  soil  conditions  exist.  Essential  for  suberization  are  the 
presence  of  oxygen,  high  humidity,  and  a  temperature  of  about  60°-70c  F. 

Under  conditions  of  extremely  high  moisture,  as  in  wet  soils  or  very  humid 
storage  cellars,  enlarged  lenticels  appear  on  the  surface  of  the  tubers.  These 
detract  from  their  appearance  but  do  not  predispose  them  to  decay  or  impair 
their  food  value. 

Although  potato  plants  apparently  thrive  as  well  under  the  semiarid  conditions 
of  the  West  as  in  the  more  humid  East,  atmospheric  humidity  is  of  importance 
in  that  it  affects  the  development  of  foliage  diseases  such  as  late  blight  and  early 
blight.  Of  greatest  economic  importance  is  late  blight,  a  serious  fungus  disease 
of  the  potato  favored  by  cool  moist  conditions.  This  disease  caused  the  Irish 
potato  famine  of  1845.  Although  now  world-wide  in  distribution,  the  disease 
is  limited  within  countries  by  climatic  conditions.  Martin  (18)  found  that  both 
rainfall  and  temperature  are  important  factors  in  determining  an  outbreak  of  late 
blight  and  that  for  Xew  Jersey  July  was  the  most  critical  month.  Epidemics 
of  late  blight  were  experienced  every  year  when  the  July  temperature  was  below 
the  average  of  73.7°  F.  for  the  month  and  the  rainfall  above  the  average  of  5.02 
inches.  In  years  when  the  July  temperature  was  above  and  the  rainfall  below 
the  average  for  the  month,  late  blight  was  present  in  only  1  year  out  of  10.  The 
variety  Sebago,  resistant  to  late  blight,  has  now  been  introduced  and  is  being 
increased  for  distribution.  It  should  find  favor  in  most  district-  where  late  blight 
is  a  menace. 

In  the  national  potato-breeding  program,  in  which  the  Department  of  Agricul- 
ture and  more  than  30  States  are  cooperating,  an  effort  is  being  made  to  develop 
varieties  that  produce  good  yields  of  high-quality  potatoes  under  a  somewhat 
greater  range  of  climatic  conditions  than  is  now  possible.  Consideration  is  being 
given  to  the  development  of  varieties  that  are  drought-resistant,  able  to  survive 
somewhat  higher  and  lower  temperatures  than  the  kinds  now  grown,  and  resistant 
to  various  insect-  and  diseases.  In  the  South  the  -pread  of  most  of  the  virus 
more  rapid  than  in  the  North  because  the  climate  is  congenial  to  the 
increase  and  spread  of  the  insects  that  transmit  the  diseases.  Varieties  resistant 
to  a  number  of  these  diseases  have  been  found,  and  where  these  are  used  there  is 
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no  danger  of  spread  even  when  climatic  conditions  favor  the  increase  of  the  insect 
carrier. 

Cauliflower  and  Heading  Broccoli 

Cauliflower  is  so  exacting  in  its  climatic  requirements  that  commercial  culture 
is  limited  to  a  few  especially  favorable  areas.  Furthermore,  it  is  so  sensitive  to 
cultural  and  nutritional  conditions  that  considerable  experience  and  skill  are  re- 
quired in  producing  it.  Like  cabbage  it  requires  low  mean  temperatures  (60°  to 
70°  F.) ,  but  it  is  much  less  tolerant  of  extremes  of  heat  or  cold  and  other  adverse 
conditions  such  as  strong  winds  and  an  arid  atmosphere.  An  appreciable  check 
in  the  growth  of  young  plants  may  cause  them  to  "button,"  or  form  very  small 
premature  heads.  The  western  crops  reach  maturity  during  the  cooler  half  of 
the  year  with  mean  temperatures  of  50°  to  60°.  High  temperatures  cause  leafy, 
ricy,  loose,  or  yellowed  curds  that  are  inferior  in  quality  and  appearance.  Since 
cauliflower  is  so  sensitive  to  extremes  of  both  temperature  and  moisture,  its 
culture  is  confined  mainly  to  cool,  mild,  moist  areas  such  as  the  coastal  counties  of 
California  and  Oregon,  Long  Island,  and  high  altitudes  in  Colorado.  Direct  ex- 
posure of  the  curd  to  the  sun's  rays  produces  an  undesirable  brown  pigment. 
Varieties  of  heading  broccoli  are  usually  well  shaded  by  the  small,  incurving  inner 
leaves,  but  certain  varieties  of  cauliflower  must  have  the  large  outer  leaves  pulled 
together  and  tied  while  the  curd  is  still  small  to  give  adequate  protection. 

Carrots 

The  optimum  mean  temperatures  for  carrots  are  essentially  the  same  as  for 
beets  (p.  382),  but  the  distribution  of  the  carrot  crop  is  more  localized  and  is  some- 
what different  from  that  of  beets.  The  carrot,  like  the  beet,  grows  best  at  60° 
to  70°  F.,  but  in  the  seedling  stage  it  is  more  sensitive  to  extremes  of  high  and  low 
temperatures.  Since  it  requires  a  longer  growing  season,  it  is  more  confined  to 
areas  with  longer  periods  of  mild  weather  and  freedom  from  extremes  of  either 
heat  or  cold.  While  the  beet  tolerates  repeated  mild  freezing  at  the  market  stage, 
the  tops  of  the  carrot  are  damaged  somewhat,  and  their  attractiveness  for  market 
is  impaired. 

Barnes  (2)  has  shown  the  important  relations  of  soil  moisture  to  the  size,  shape, 
and  color  of  carrots.  He  found  the  best  color  and  highest  carotene  content  at 
50°  to  60°  (though  yields  were  low)  and  the  poorest  at  70°  to  80°  F.;  40°  to  50° 
was  too  cool  for  normal  growth,  and  70°  to  80°  too  hot.  Continuously  high  soil 
moisture  results  in  an  undesirably  short,  thick  carrot  having  much  lower  carotene 
content  and  poorer  color.  Miller  et  al.  (20)  point  out  the  adverse  effect  of  ex- 
cessive moisture  upon  the  color  of  carrots.  Other  observers  have  suggested  that 
low  temperature  was  responsible  for  poor  color  in  the  case  of  fall  carrots  in  the 
East  and  winter  carrots  in  Louisiana,  but  Barnes'  work  indicates  that  wet  soil  is 
largely  responsible. 

All  the  California,  Arizona,  and  Texas  carrots,  or  about  70  percent  of  the  acre- 
age in  the  United  States,  are  grown  under  irrigation.  By  proper  water  control, 
good  color  can  be  produced.  Humid  areas  are  at  some  disadvantage  in  this 
respect,  although  it  should  not  be  inferred  that  eastern-grown  carrots  are  necessarily 
of  poor  color.  In  recent  years  considerable  progress  has  been  made  in  the  de- 
velopment of  strains  that  maintain  good  color  even  in  districts  where  heavy  rain- 
fall prevails. 

Lettuce 

Although  nearly  every  amateur  gardener  plants  lettuce  in  his  early  garden,  no 
matter  where  it  is  located,  it  should  not  be  supposed  that  lettuce  can  be  grown 
almost  anywhere  for  today's  rigid  market  requirements.  Most  of  the  trade 
demands  the  so-called  Iceberg  lettuce  almost  exclusively.  The  large,  firm,  crisp 
heads  marketed  as  Iceberg  appear  to  be  all  of  the  same  variety,  but  in  reality  they 
are  of  a  number  of  strains  or  varieties  with  different  climatic  requirements  and 
tolerances.  They  have  been  bred  for  special  adaptation  to  specific  areas  and 
seasons  of  production,  chiefly  in  the  West  and  Southwest.  Although  the  several 
strains  of  New  York  and  Imperial  have  different  growing  requirements,  they  all 
meet  the  same  exacting  specifications  on  the  market  and  are  indistinguishable 
by  the  layman. 
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The  greatest  proportion  of  commercial  winter  lettuce  is  grown  in  the  Salt  River 
Valley  of  Arizona  and  the  Imperial  Valley  of  California,  with  smaller  acreages  in 
Florida  and  adjoining  -  temperatures  of  50 =  to  60 r  F.     The  chief  summer 

sources  are  the  cool  coastal  areas  of  mid-California,  Washington,  and  Oregon; 
high  altitudes  of  Colorado  and  Idaho,  where  mean  temperatures  are  60°  to  6oc : 
stent,  the  muck-land  areas  of  upper  Xew  York  State,  at  temper- 
ature? of  c T  As  compared  with  that  grown  in  the  West,  little  lettuce 
is  grown  in  the  East  except  in  Xew  York  and  Florida,  Varieties  better  suited  to 
lperatures  of  the  East  are  needed,  and  considerable  progress  has  been  made 
toward  this  end  in  recent  years. 

xpansion  in  the  lettuce  industry  occurred  after  the  new  lands  of  the 
West  were  brought  under  irrigation.     Cool  temperature,  low  humidity,  and  irri- 
water  have  each  contributed  to  make  the  west  coast  and  vafleys  of  the 
Southwest  the  most  favored  places  for  lettuce  production. 

Lettuce,  especially  head  lettuce,  has  a  very  narrow  range  of  adaptability.4 

S    _       iifferences  in  mean  temperatures  and  the  time  a  given  temperature  prevails 

•ell  success  or  failure.     The  principal  varieties  do  best  at  means  of 

although  varietal  differences  exist  within  this  range.     Heading  is  prevented 

and  the  plants  shoot  to  seed  at  temperatures  maintained  between  70°  and  80°  (25). 

at  a  daily  mean  as  high  as  70°.  especially  with  high  night 

temperatures,  is  conducive  to  tipburn.     Cool  nights  are  essential.     Maximum 

mperatures  as  high  as  80°  for  a  few  hours  are  not  necessarily  harmful 

provided  the  daily  mean  is  well  below  70°.     At  a  constant  temperature  of  70°, 

tipburn  is  serious  (27).     High  temperature  is  also  conducive  to  the  development 

of  a  bitter  flavor. 

Small  immature  plants  will  tolerate  mild  freezing,  but  as  they  approach  matur- 
ity, freezing  damages  the  leaves  and  injures  shipping  quality. 

Celery 

Celery  growing  is  one  of  the  most  highly  specialized,  expensive,  and  difficult  of 

jetable  enterprises.     The  very  highly  localized  distribution  of  the  crop  is 

due  largely  to  its  particular  soil  requirements — it  is  grown  chiefly  on  muck  or  peat 

soils  except  in  certain  irrigated  areas  of  the  West.     In  addition,  celery  is  among 

the  n  ing  of  all  crops  in  its  temperature  and  moisture  requireme: 

Fall-,  winter-,  and  spring-grown  celery  is  produced  in  important  quantities  only 
in  California  and  central  Florida.  The  midseason  and  late-summer  crops  are 
concentrated  mainly  on  the  muck  soils  of  Xew  York.  Michigan,  Xew  Jersey,  and 
Pennsylvania,  with  smaller  acreages  on  the  irrigated  lands  of  Colorado.  Oregon, 
and  Washington. 

Celery  growing  is  restricted  to  a  few  suitable  soils  and  is  rather  narrowly  confined 
to  those  regions  with  a  growing  season  during  most  of  which  monthly  mean  tem- 
peratures are  between  60°  and  70r  F.  Thompson  (£0  has  shown  in  his  extensive 
studies  that  chilling  celery  plants  at  temperatures  of  40°  to  50°  for  10  c 
longer  is  conducive  to  seedstalk  formation  instead  of  normal  development.  The 
older  the  plants  are  when  chilled,  the  more  promptly  and  completely  they  shoot 
to  seed.  Long  chilling  is  more  effective  than  short,  and  the  lower  the  temperature 
of  chilling  (not  freezing)  the  more  plants  will  form  seedstalks.  Freezing  the  plants 
is  not  necessary  to  induce  seeding  and  in  fact  is  somewhat  of  a  deterrent  as  com- 
pared with  long  exposure  to  about  40=. 

Chilled  plants  will  form  seedstalks  rather  promptly  if  the  temperature  subse- 
quently rises  to  55  ~  :  if  higher  temperatures  (70°-80°)  follow  chilling, 
bolting  will  be  prevented.  Such  high  mean  temperatures  also  prevent  normal 
vegetative  growth  and  the  development  of  high  quality.  Under  field  conditions 
where  celery  is  grown  commercially.  inlikely  that  temperatures  following 
prolonged  chilling  will  be  high  enough  to  prevent  bolting. 

Thus  the  response  to  any  specific  temperature  level  depends  on  the  age  and 
condition  of  the  plant,  to  what  temperatures  it  has  been  exposed  and  for  how  long, 
and  what  temperatures  it  subsequently  encounters.  There  are  also  marked 
varietal  differences  in  tendency  to  bolt  prematurely. 

7  -  -:.-'  ■  r  :-•'  -r~h:.  r     -     >     r       ir  -  :=S.  i  .?.   -  .-.■     z.~    --  7:.--    --:.---      •  •     l-::u-     '--  -  -   r; 
of  Documents,  Government  Pi  inline  Office.  Wnshinftoa.  D.  C.  at 


388     •      Yearbook  oj  Agriculture,  1941 

Crops  Adapted  to  a  Wide  Range  of  Temperature  and 
Frost  Tolerant 

Onions 

The  onion  is  grown  practically  everywhere  in  the  United  States  at  some  season 
of  the  year,  but  extensive  commercial  production  is  confined  to  special  sections 
that  are  particularly  suitable.  These  include  portions  of  the  northern  tier  of 
States  from  Connecticut  to  Minnesota,  the  west  coast,  high  altitudes  of  the  Rocky 
Mountain  area,  and  the  southern  parts  of  Texas  and  Louisiana.  Fairly  cool  tem- 
peratures should  prevail  during  the  early  stages  of  growth,  and  there  must  be  a 
good  supply  of  moisture  since  the  soil  in  contact  with  the  stem  plate  must  be 
moist  to  initiate  the  development  of  new  roots.  During  bulbing,  harvesting,  and 
curing,  fairly  high  temperatures  are  desirable,  and  when  harvesting  and  curing 
begin  the  humidity  should  be  low. 

The  heaviest  yields,  as  a  rule,  are  obtained  where  cool  temperatures  prevail 
over  a  considerable  time,  permitting  an  extensive  foliage  and  root  development 
before  bulbing  starts.  Outside  the  important  onion  districts  the  crop  does  not 
flourish,  chiefly  because  the  requisite  cool  growing  season  is  too  short,  the  tempera- 
tures soon  becoming  too  hot  or  too  cold  for  the  best  development  of  the  crop. 

Onion  varieties  are  tuned  to  a  rather  specific  set  of  climatic  conditions.  The 
late-storage  varieties  of  the  North,  for  example,  do  poorly  in  the  South,  and  the 
extra-early  varieties  commonly  grown  in  the  South  are  ill-suited  to  the  North. 
Certain  varieties,  however,  may  be  grown  rather  widely,  provided  climatic  condi- 
tions are  similar  in  the  different  localities. 

The  climatic  factors  most  important  in  determining  the  adaptability  of  onion 
varieties  are  temperature  and  length  of  daylight,  or  photoperiod.  According  to 
Magruder  and  Allard  (16),  the  time  when  the  onion  plant  will  start  to  bulb  is 
determined  by  the  photoperiod  and  not  by  the  age  of  the  plant.  The  minimum 
photoperiod  necessary  to  initiate  bulbing  differs  among  varieties,  ranging  from  12 
hours  for  the  extra-early  varieties  to  about  15  hours  for  the  late  types  like  Sweet 
Spanish.  Early  maturity  results  from  the  ability  of  the  plant  to  start  bulb 
formation  at  short  photoperiods  and  then  to  develop  rapidly.  In  the  North  it  is 
almost  impossible  to  obtain  good  yields  of  the  extra-early  varieties  by  sowing 
seed  directly  in  the  field  because  seeding  is  usually  done  at  a  date  when  the  photo- 
period has  already  passed  the  minimum  for  bulbing.  To  secure  large  bulbs  of  the 
extra-early  varieties  in  the  North,  it  is  necessary  to  sow  seed  early  in  a  greenhouse 
or  hotbed  to  have  large  plants  for  transplanting  before  the  minimum  photoperiod 
for  bulbing  occurs. 

An  onion  variety  may  mature  late  because  of  a  long  photoperiod  requirement, 
a  slow  rate  of  development  after  bulbing  has  started,  or  a  combination  of  the  two. 
These  late  types  usually  do  poorly  in  the  South  because  the  photoperiod  required 
for  bulbing  comes  during  extremely  hot  weather  when  sun  scald,  thrips,  and  pink 
rot  combine  to  retard  growth.  Sweet  Spanish,  however,  is  able  to  produce  fair 
crops  because  it  is  somewhat  resistant  to  these  troubles. 

In  central  California  a  considerable  acreage  of  the  so-called  intermediate  crop  of 
onions  is  grown.  During  the  cool,  short  days  of  winter  and  early  spring  the  plants 
usually  make  a  large  vegetative  development.  Bulbing  does  not  begin  in  the  spring 
until  the  hours  of  daylight  reach  the  minimum  for  the  varieties  in  question. 

Temperature  as  well  as  day  length  plays  an  important  part  in  determining  the 
adaptation  of  varieties,  the  time  of  bulbing,  and  the  date  of  maturity.  Thompson 
and  Smith  (26),  found  that  onion  plants  of  the  Ebenezer  variety  grown  under 
ordinary  daylight  during  winter  and  spring  plus  supplementary  light  till  10  p.  m. 
did  not  react  in  the  same  way  under  different  temperature  conditions.  The  long 
day  was  begun  December  3:  by  March  10,  plants  grown  at  50°-60°  F.  showed 
no  bulbing;  those  grown  at  60°-70°  had  bulbed,  and  the  tops  had  fallen  but 
were  still  green;  in  those  grown  at  70°-80°  the  bulbs  had  formed  and  matured 
and  the  tops  were  dead.  However,  high  temperature  alone  was  not  effective  in 
causing  bulbing,  because  plants  grown  at  ordinary  day  lengths  at  that  season  of 
the  year  failed  to  bulb  at  any  of  the  temperatures  noted. 

In  certain  regions,  especially  in  the  high  altitudes  of  the  West,  the  photoperiod 
may  be  much  longer  than  the  minimum  requirement,  and  still  bulbing  may  be 
delayed  because  of  low  temperatures.  This  enables  varieties  with  short  daylight 
requirements  to  make  considerable  foliage  development  before  temperatures  are 
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high  enough  to  permit  bulbing  and  explains  at  least  in  part  why  certain  extra- 
early  varieties  produce  well  under  long  days  in  high  altitudes  and  do  poorly  at  the 
higher  temperatures  of  the  low  altitudes  under  a  similar  length  of  day. 

The  effect  of  temperature  on  bolting  is  very  pronounced,  and  in  certain  seasons 
losses  to  the  dry-set  and  transplant  crop  may  be  severe.  Thompson  and  Smith 
(26)  found  that  when  medium-sized  sets  of  Ebenezer  and  Red  Wethersfield  onions 
were  planted  and  grown  in  the  greenhouse  at  50°-60°  F.,  both  varieties  bolted 
100  percent;  at  70°-80°  there  was  no  bolting;  and  at  60°-70°  bolting  did  not  ex- 
ceed- 10  percent.  Length  of  daylight  had  no  effect  on  the  percentage  of  bolters. 
Some  varieties  bolt  more  readily  than  others;  in  areas  where  prevailing  tempera- 
tures are  conducive  to  bolting,  varieties  are  selected  that  do  not  have  this  tendency. 

Climatic  factors  have  localized  large-scale  onion-seed  production  almost  entirely 
in  the  semiarid  regions  of  the  West,  partly  because  weather  conditions  are  favor- 
able to  pollination  and  seed  setting  but  chiefly  because  dry  weather  during  the 
summer  permits  the  harvesting,  curing,  and  threshing  of  the  seed  crop  in  the 
open. 

Various  insect  pests  and  diseases  either  appear  in  destructive  proportions  or 
are  held  in  check,  depending  upon  climatic  conditions.  Among  the  insects,  thrips 
do  the  most  damage.  If  the  spring  is  warm  and  dry,  the  thrips  population  builds 
up  rapidly  and  soon  causes  considerable  injury.  Relatively  cool  temperatures 
retard  their  development,  while  driving  rains  destroy  many  and  help  to  hold  the 
population  low  enough  to  prevent  serious  damage. 

Breeding  onions  for  thrips  resistance  is  a  major  problem  in  which  the  United 
States  Department  of  Agriculture  and  several  States  are  cooperating.  Plants  are 
selected  that  have  an  open  habit  of  growth,  which  eliminates  protected  areas 
between  the  leaves  where  thrips  can  feed  and  propagate  and  exposes  them  to 
unfavorable  weather  conditions  and  to  the  attack  of  predatory  insects. 

Most  interesting  is  the  regional  limitation  of  onion  smut  by  the  temperature 
factor.  This  disease,  prevalent  in  the  North,  has  never  been  found  in  the  onion- 
growing  districts  of  Texas  and  Louisiana.  Its  absence  cannot  be  explained  on 
the  basis  of  nonintroduction  but  must  be  accounted  for  by  the  temperature  rela- 
tions of  the  parasite.  Under  controlled  conditions,  a  high  percentage  of  plants 
grown  in  smut-infested  soil  (Walker  and  Jones)  became  infected  at  soil  tempera- 
tures ranging  from  50°-77°  F.,  a  decided  reduction  was  noted  at  80.6°,  and  there 
was  complete  freedom  from  the  disease  at  84.2°.  In  the  South,  onion  seed  is 
sown  in  late  summer  or  early  fall,  and  during  the  susceptible  period,  which  coin- 
cides with  about  the  first  3  weeks  of  the  plant's  life,  the  temperatures  are  suffi- 
ciently high  to  inhibit  the  growth  of  the  parasite.  Consequently  infection  does 
not  occur. 

Downy  mildew  is  often  very  destructive  to  the  onion-bulb  crop  of  the  North 
and  to  the  onion-seed  crop  of  the  West.  The  disease  is  most  prevalent  and 
spreads  most  rapidly  under  conditions  of  moderate  temperature  and  high  humidity. 
The  reproductive  bodies  (conidia)  are  produced  in  greatest  numbers  during  rainy 
periods  or  when  leaves  and  seedstalks  are  wet  with  dew.  In  breeding  onions 
resistant  to  downy  mildew  the  progenies  are  tested  in  localities  that  are  most 
congenial  for  the  development  of  the  disease.  One  such  place  is  in  California 
near  the  southern  end  of  San  Francisco  Bay.  Here  climatic  conditions  are  ideal 
throughout  most  of  the  year  for  the  spread  of  the  disease,  and  there  is  very  little 
opportunity  for  susceptible  plants  to  escape  infection.  This  provides  an  ideal 
place  for  the  breeder  to  eliminate  susceptible  plants  and  select  only  those  that  are 
resistant. 

Crops  Adapted  to  a  Wide  Range  of  Conditions  But 
Not  Frost  Tolerant 

The  group  of  fruit-bearing  vegetable  crops  not  tolerant  to  frost  but  otherwise 
widely  adapted,  of  which  either  the  seeds  or  fleshy  fruits  are  eaten,  includes  quite 
diverse  species:  Beans,  cucumbers,  muskmelons,  squashes,  pumpkins,  tomatoes, 
and  sweet  corn.  Neither  seeds  nor  plants  of  these  crops  should  be  planted  in  the 
field  until  all  danger  of  frost  is  past — unless  the  grower  is  willing  to  take  a  big  risk. 
Cold,  wet  weather,  even  though  frost-free,  is  definitely  harmful  for  all  these  crops, 
and  they  should  not  be  planted  until  the  monthly  means  have  reached  60°  to 
65°  F.  A  safe  rule  is  to  defer  planting  until  the  average  frost-free  date  of  the 
locality  has  been  reached.  In  the  humid  parts  of  the  country,  none  of  this 
group  thrive  at  monthly  mean  temperatures  appreciably  above  80°,  probably 
2!)st:;t       h         -<; 
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largely  because  of  the  severity  of  insect  and  disease  attacks  under  such  conditions. 
Muskmelons,  however,  thrive  in  the  dry  air  of  the  Imperial  Valley  up  into  June, 
when  the  monthly  mean  runs  from  80°  to  90°. 

Beans 

The  production  of  dry  beans  and  snap  beans  will  be  considered  separately 
because  they  represent  two  entirely  different  types  of  enterprise,  conducted,  for 
the  most  part,  under  quite  different  conditions. 

Dry  beans. — Practically  all  extensive  dry-bean  production  is  confined  to 
areas  of  the  country  having  a  mean  August  temperature  no  higher  than  70°  F. 
East  of  the  Mississippi  most  of  this  region  lies  north  of  the  latitude  of  Boston, 
but  in  the  Western  and  Pacific  Coast  States,  high  altitude  or  proximity  to  the 
ocean  may  keep  temperatures  down  to  the  indicated  level  as  far  south  as  Los 
Angeles  and  San  Diego.  The  total  dry-bean  production  is  about  equally  divided 
between  the  humid  and  the  dry-land,  or  irrigated,  areas.  The  dominant  varieties 
grown  in  the  East  are  different  from  those  of  the  West,  although  there  is  some 
overlapping.  Young  (82)  has  presented  a  well-illustrated  discussion  of  the 
geography  of  the  dry-bean  industry  of  the  country. 

Dry  beans  are  usually  the  only  crop  grown  in  a  year  in  a  given  field,  but  in 
California  where  winters  are  mild,  some  winter  cover,  seed,  or  forage  crop  may 
be  grown  in  addition. 

Practically  all  the  dry  lima  beans,  black-eyed  peas,  cranberry  beans,  and 
Pink  beans  are  grown  in  California;  Pintos  in  Colorado  and  New  Mexico;  kidney 
beans,  pea  beans,  medium  beans,  and  yellow-eyed  pea  beans  in  Xew  York  and 
Michigan.  Climatic  adaptations  are  largely  responsible  for  this  regional  distri- 
bution of  varieties.  These  several  types  (except  lima  beans,  which  need  the 
highest  temperatures)  are  not  far  apart  in  mean-temperature  requirement,  but 
they  are  quite  different  in  water  requirements  and  in  tolerance  to  drought  or 
excessive  moisture  and  to  daily  maximum  temperatures. 

In  the  eastern  part  of  the  United  States  rainy  weather  at  harvesting  and  curing 
time  is  an  ever-present  hazard.  Much  rain  and  damp  weather  retards  proper 
curing  and  sometimes  causes  serious  damage  to  the  ripe  beans.  The  western 
areas  usually  have  favorable  dry  weather  for  harvesting  and  curing. 

Snap  beans. — Since  snap  beans  for  market  are  harvested  long  before  the  seeds 
or  pods  are  ripe,  less  time  is  required  to  make  a  crop  than  for  dry  beans,  and  since 
there  is  no  drying  or  curing  to  be  done,  occasional  rains  during  the  harvest  period 
are  no  disadvantage— in  fact,  they  are  necessary  to  maintain  yields  through 
several  successive  pickings.  Thus  profitable  production  of  snap  beans  (except  for 
seed)  is  possible  under  many  conditions  and  during  short  periods  definitely  unsuited 
to  dry-bean  production.     "Early"  varieties  will  make  a  crop  in  8  to  10  weeks. 

Instead  of  being  highly  concentrated  in  a  few  principal  areas,  snap  beans  are 
grown  for  market  or  canning  or  both  in  25  to  30  States  on  1,000  acres  or  more  in 
each,  except  in  the  Great  Plains  area. 

Because  of  the  highly  competitive  and  often  speculative  character  of  the  late- 
fall,  winter,  and  early-spring  crops  in  the  South,  plantings  are  frequently  made 
so  that  the  crop  is  subjected  for  part  of  the  season  to  temperatures  considerably 
below  the  probable  optimum  safe  range  of  60°  to  70°  F. 

Hot  dry  winds  damage  the  flowers,  reducing  the  set  of  pods;  and  warm  wet 
weather  encourages  destructive  diseases. 

The  best  varieties  of  snap  beans  in  the  Southeast  can  be  grown  successfully 
only  within  comparatively  restricted  periods  in  the  spring  and  fall  because  of 
their  susceptibility  to  high  temperature  and  disease.  There  is  a  pressing  need  for 
varieties  with  wider  adaptability  in  the  South,  especially  for  home  use  in  the 
summer.  The  United  States  Regional  Vegetable  Breeding  Laboratory  and 
cooperating  experiment  stations  of  the  Southeastern  States  are  working  to  obtain 
varieties  resistant  to  heat  and  to  the  diseases  characteristic  of  warm  regions. 

Muskmelons  and  Cucumbers 

Muskmelons  and  cucumbers  have  a  definitely  higher  heat  requirement  than 
beans.  Though  early  varieties  can  be  grown  almost  as  far  north  as  beans,  being 
adapted  to  short  warm  summers,  they  cannot  be  grown  unprotected  in  the  open 
as  a  midwinter  crop  anywhere  in  the  United  States,  as  beans  are  grown  in  southern 
Florida.     While  60°  to~  70°  F.  is  indicated  as  the  best  range  for  beans,  these  other 
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vine  crops  appear  better  adapted  to  65°  to  75c.  Over  most  of  the  country  they 
should  be  planted  in  the  spring  a  few  days  later  than  beans. 

Part  of  the  niuskmelon  crop  is  planted  in  the  Imperial  Valley  about  December 
1  for  harvesting  early  in  May,  despite  mean  December  and  January  temperatures 
of  only  45°  to  55°  F.  in  the  open.  Artificial  protection  is  provided  as  long  as 
needed  by  paper  covers  over  the  seedlings  and  by  sloping  brush  and  paper  barriers 
on  the  north  sides  of  the  rows.  Temperatures  under  these  shelters  normally 
range  from  75°  to  80°  in  the  daytime  down  to  40°  to  50°  at  night.  Mean  tem- 
peratures in  the  open  rise  above  60°  in  March,  after  which  no  protection  is  required. 

Muskmelons  of  the  small  netted  type  (cantaloups)  are  grown  commercially  more 
or  less  generally  in  the  Middle  and  South  Atlantic  States  and  the  Middle  West  as 
well  as  in  Texas,  Colorado,  Arizona,  and  California,  but  the  most  concentrated 
acreage  is  in  the  irrigated  Southwest.  There  the  low  relative  humidity,  high 
temperatures,  and  bright  days  combine  to  produce  fruits  with  high  sugar  content, 
solid  flesh,  and  coarse  netting.  The  fruits  mature  on  dry  beds,  and  because  of  the 
absence  of  rain  both  foliage  and  fruit  diseases  are  held  to  a  minimum.  In  addition 
the  Western  States  grow  thousands  of  acres  of  honey  ball,  honey  dew,  and  related 
types  of  melons  that  can  be  grown  with  consistent  commercial  success  only  in 
regions  of  low  atmospheric  humidity  and  rainfall.  These  types  are  especially 
susceptible  to  diseases  that  are  promoted  by  high  humidity. 

Two  of  the  most  serious  diseases  of  muskmelon  are  powdery  mildew  and  downy 
mildew.  The  first  is  especially  serious  in  the  hot,  dry  Imperial  Valley,  where 
downy  mildew  is  of  no  importance.  Downy  mildew  is  general  and  often  serious 
in  the  coastal  area  of  California  and  in  most  of  the  humid  parts  of  the  United 
States,  especially  the  Atlantic  and  Gulf  States.  Muskmelon  varieties  resistant 
to  powdery  mildew  have  been  developed  by  the  Department  of  Agriculture  and 
the  California  Agricultural  Experiment  Station. 

The  geographic  range  and  total  acreage  of  the  cucumber  crop  are  essentially 
the  same  as  for  muskmelons,  but  since  heat  is  not  so  necessary  the  acreage  distri- 
bution is  somewhat  different.  The  heaviest  concentration  of  muskmelons  is  in 
the  West  and  Southwest,  whereas  that  of  cucumbers  is  in  the  East  and  the  Great 
Lakes  States.  Economic  factors  are  of  some  importance,  but  climate  also  plays 
a  part.  The  large  slicing  cucumbers  for  market  are  grown  mainly  from  New  York 
>outhward  through  the  Atlantic  States  and  westward  through  the  Gulf  States  to 
Texas.  The  bearing  season  is  usually  cut  short  by  disease.  In  the  Middle 
Atlantic  and  Southern  States,  high  temperatures  and  humidity  appear  to  so  favor 
the  diseases  at  the  expense  of  the  host  plant  that  the  bearing  season  is  too  short  to 
get  generally  profitable  yields  of  the  small,  black-spine,  pickling  type,  but  it  is 
long  enough  to  get  fairly  good  yields  of  the  large,  white-spine,  slicing  type.  The 
black-spine  varieties  are  definitely  more  susceptible  to  certain  diseases  and  are  not 
well  adapted  to  the  South. 

The  cucumber  apparently  is  not  very  sensitive  to  the  differences  in  day  lengths 
and  light  intensities  that  occur  under  field  conditions,  but  varieties  show  striking 
differences  in  response  to  day  length  when  grown  under  glass  in  the  late  fall, 
winter,  and  early  spring.  Various  abnormalities  in  ratios  of  pistillate  and  stam- 
inate  flowers,  unfruitfulness,  or  abnormal  fruits  may  develop. 

Tomatoes 

The  tomato  is  grown  in  every  State  in  the  United  States  and  in  neighboring 
Canada  and  Mexico.  Though  it  will  not  tolerate  frost  and  requires  5  or  6  months 
or  longer  from  seed  to  harvested  crop,  it  is  grown  successfully  in  many  areas 
having  no  more  than  a  4  months'  frost-free  period.  This  is  made  possible  by 
starting  plants  early  under  artificial  protection  and  setting  them  in  the  field  when 
danger  of  frost  is  past. 

Tomatoes  are  grown  unprotected  all  winter  in  southern  Florida,  in  the  lower 
Rio  Grande  Valley,  and  to  a  lesser  extent  in  the  Imperial  Valley  and  the  Yuma 
district  where  brush  and  paper  protection  is  provided.  They  do  best  at  monthly 
mean  temperatures  of  70°  to  75°  F.  but  are  grown  commercially  at  mean  tempera- 
tures as  low  as  65°  to  70°  and  as  high  as  75°  to  80°.  The  crop  is  not  adapted  to 
monthly  mean  temperatures  above  80°  in  either  the  humid  or  the  irrigated 
regions  '(23). 

Id  humid  areas  with  temperatures  above  80°  F.  disease  soon  damages  the  plants 
seriously,  and  in  arid  regions  the  excessive  daily  maximum  temperatures  and  the 
low  humidity  damage  the  flowers,  in  some  areas  keeping  the  plants  barren  for 


392     •     Yearbook  of  Agriculture,  1941 

weeks  at  a  time.  In  the  winter-garden  area  of  Texas,  spring-grown  plants  develop 
to  a  huge  size  and  remain  healthy  but  barren  through  the  summer.  They  become 
fruitful  early  in  the  fall  upon  the  return  of  less  extreme  daily  maximum  tem- 
peratures. 

The  crop  cannot  be  grown  profitably  at  mean  temperatures  that  never  rise 
above  65°  F.  It  can  be  grown  in  southernmost  Florida  and  Texas  in  midwinter 
at  December  and  January  means  of  60°  to  65°  only  because  much  of  the  develop- 
ment of  the  plants  has  already  been  made  at  temperatures  of  65°  to  75°.  Foster  5 
has  shown  in  a  striking  manner  the  effects  of  different  mean  temperatures  on 
growth  and  fruitfulness  of  the  tomato.  Although  mean  temperatures  of  70° 
to  75°  seem  ideal  under  field  conditions,  a  constant  temperature  of  75°  in  the 
greenhouse  in  the  winter  resulted  in  almost  complete  barrenness.  Under  condi- 
tions of  ample  light,  a  constant  temperature  of  75°  probably  would  not  be  so 
harmful.  In  the  Yuma  district,  with  clear  weather  nearly  every  day,  winter 
tomatoes  under  brush  and  paper  set  phenomenally  large  numbers  of  fruits  at 
daily  ranges  of  45°  to  80°. 

Mean  temperatures  of  80°  F.  or  above  prevent  optimum  color  development  in 
the  varieties  now  grown  commercially.  Loss  of  foliage  from  disease  at  high 
temperature  and  humidity  is  followed  by  sunscald  of  the  fruit.  Fruit  of  the 
best  color  is  produced  in  the  more  northerly  and  the  cooler  western  tomato- 
growing  areas  (5) ,  although  an  acceptable  color  develops  in  other  locations  before 
the  mean  temperatures  rise  above  75°. 

Very  cool  weather  in  the  winter  tomato  sections,  or  other  conditions  that 
interfere  with  ovule  fertilization  and  seed  development  in  the  fruit,  commonly 
causes  empty  locules  or  hollow  or  "puffy"  fruits  (10).  This  trouble  is  doubtless 
related  to  nutritional  conditions  too,  but  it  occurs  chiefly  in  Florida,  Mississippi, 
and  Texas,  where  out-of-season  tomatoes  are  so  extensively  grown. 

There  are  two  different  wilt  diseases  of  the  tomato  that  are  very  serious — 
fusarium  wilt  and  verticillium  wilt.  Sometimes  the  two  occur  together,  but 
generally  verticillium  is  worse  in  the  cooler  tomato-growing  localities  and  fusarium 
in  the  warmer.  Plant  breeders  of  the  Department  and  the  State  experiment 
stations  have  developed  a  number  of  varieties  resistant  to  both  forms  of  wilt. 
Among  uhem  are  Pan  America,  Marglobe,  and  Pritchard  (eastern  varieties)  re- 
sistant to  fusarium,  and  Riverside  and  Essar  (western  varieties)  resistant  to 
verticillium.  Work  has  recently  been  started  to  develop  varieties  resistant  to 
defoliation  diseases  that  are  very  destructive  in  the  field  in  the  humid  parts  of  the 
country.  Several  State  experiment  stations  have  developed  greenhouse  varieties 
resistant  to  the  fungus  Cladosporium. 

Peppers 

Green  peppers  and  pimientos  are  produced  commercially  chiefly  in  the  Middle 
Atlantic,  South  Atlantic,  and  Gulf  States  and  in  California.  Although  early 
varieties  are  grown  to  some  extent  as  a  local  market  crop  in  the  North  Atlantic 
and  Great  Lakes  States,  the  volume  of  production  is  small.  Over  90  percent 
of  the  pimientos  are  grown  in  Georgia. 

The  temperature  requirements  of  sweet  peppers  are  a  little  higher  than  those  of 
tomatoes;  they  are  more  sensitive  to  chilly,  wet  weather  in  the  spring  and  a  little 
more  tolerant  of  the  high  summer  temperatures  of  the  South.  Daily  maximum 
temperatures  of  90°  F.  or  higher  interfere  with  fruit  setting,  especially  if  the 
humidity  is  low.  Constant  temperatures  below  60°  or  above  90°  in  the  green- 
house during  winter  resulted  in  complete  barrenness  (8).  Even  if  fruits  set  at 
mean  temperatures  above  80°,  they  are  likely  to  be  abnormal  in  size  and  shape  (8). 
Those  set  at  low  temperatures  (50°  to  60°)  are  likely  to  be  small  and  seedless. 

The  hot  peppers,  such  as  Tabasco  and  the  various  strains  of  Chili,  appear  to 
tolerate  higher  temperatures  than  most  of  the  sweet  varieties.  In  this  country 
Tabasco  peppers  are  grown  chiefly  in  Louisiana,  and  the  Chili  types  are  grown 
almost  exclusively  in  the  Southwest,  where  they  are  a  staple  food  crop  of  the 
Mexicans  and  Indians.  The  Chili  types  do  best  in  a  region  of  low  humidity,  like  the 
Southwest,  especially  if  they  are  to  be  dried. 

5  Data  obtained  by  A.  C.  Foster,  of  the  Division  of  Fruit  and  Vegetable  Crops  and  Diseases,  Bureau  of 
Plant  Industry. 
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Sneet  Corn 

The  temperature,  moisture,  light,  and  day  length  required  for  optimum  growth 
and  development  of  sweet  corn  are  essentially  the  same  as  for  field  corn  (see  the 
article  by  M.  T.  Jenkins,  Influence  of  Climate  and  Weather  on  Growth  of  Corn, 
p.  308  in  this  volume),  but  a  number  of  indirect  climatic  influences  that  are  of 
little  or  no  consequence  in  field-corn  culture  and  utilization  assume  primary 
importance  with  sweet  corn.  In  fact,  they  largely  determine  the  distribution  of 
sweet-corn  growing  and  also  definitely  limit  the  distribution  and  utilization  of 
the  product  after  it  has  been  harvested. 

Factors  that  limit  distribution. — Few  Europeans  or  peoples  of  other  lands  have 
learned  to  like  sweet  corn  as  it  is  eaten  in  the  United  States;  they  consider  that, 
like  field  corn,  it  is  fit  only  for  stock  feed. 

Despite  the  fact  that  temperatures,  water  supply,  and  light  conditions  are  suit- 
able, sweet  corn  is  not  commonly  cultivated  in  the  southern  third  of  the  United 
States,  where  field  corn  is  grown  extensively.  Southerners  relish  "roasting  ears" 
as  much  as  anyone  in  the  country,  but  few  of  them  know  the  delights  of  good 
sweet  corn.  Most  green  corn  grown  in  the  South  is  of  nonsweet,  or  field,  varieties. 
The  reason  is  that  the  very  climatic  conditions  so  favorable  for  corn  are  also  ideal 
for  the  development  of  various  enemies  that  seriously  damage  sweet  corn  but  not 
southern  field  varieties. 

Probably  the  worst  of  these  enemies  is  the  corn  earworm.  In  the  South  many 
broods  are  produced  each  season,  and  there  is  such  an  abundance  of  other  plants 
for  it  to  feed  upon  that  there  is  nearly  always  a  devastating  number  of  the  creatures 
at  hand  when  sweet  corn  is  growing.  Farther  north  the  earworms  are  less  nu- 
merous, and  in  the  northern  tier  of  States  and  New  England  they  are  of  no  im- 
portance. The  corn  earworm  prefers  sweet  corn  to  other  species  of  plants  and  to 
field  corn.  In  the  middle  and  lower  South  the  ears  of  most  sweet-corn  varieties 
become  so  damaged  by  worms  that  they  are  useless  for  food.  Other  insects  also 
are  more  damaging  to  sweet  corn  in  the  Middle  States  and  the  South  than  in 
the  North. 

Plant  breeders  in  the  South  have  made  some  encouraging  progress  in  develop- 
ing varieties  resistant  to  the  earworm.  Experiment  station  workers  in  Texas 
have  produced  Surcropper  Sugar  and  Honey  June,  sweet  varieties  that  the  ear- 
worm  generally  avoids.  The  Federal  experiment  station  at  Mayaguez,  P.  R., 
has  produced  U.  S.  D.  A.  34,  another  resistant  variety,  and  the  United  States 
Regional  Vegetable  Breeding  Laboratory  at  Charleston,  S.  C,  among  other 
laboratories,  is  searching  for  more  high-quality,  resistant  sweet-corn  varieties 
for  the  South.  The  nature  of  the  "resistance"  is  unknown,  but  it  is  believed  to 
be  due  to  some  chemical  substance  in  the  plant  that  is  repellent  to  the  earworm. 

Another  factor  that  seriously  limits  sweet-corn  culture  in  the  warmer  parts  of 
the  country  is  disease.  Bacterial  wilt  is  practically  unknown  in  the  northern  tier 
of  States  but  becomes  serious  in  the  Middle  and  Southern  States.  Many  of  the 
larger,  later  varieties  of  sweet  corn  are  more  or  less  resistant  to  bacterial  wilt, 
but  the  earlier  and  higher  quality  varieties  like  Golden  Bantam  are  highly  sus- 
ceptible. About  1933  the  Bureau  of  Plant  Industry  and  the  Purdue  University 
Agricultural  Experiment  Station  developed  Golden  Cross  Bantam,  a  rather  early, 
high-quality,  yellow  hybrid  sweet  corn  that  is  highly  resistant  to  bacterial  wilt. 
Probably  more  of  Golden  Cross  Bantam  is  canned  now  than  any  other  variety 
or  hybrid. 

Many  Federal  and  State  research  workers  have  studied  the  effects  of  tempera- 
ture on  sweet  corn  in  relation  to  rate  of  growth  and  to  quality.  There  are  distinct 
differences  among  varieties  in  their  response  to  specific  temperatures,  some 
varieties  probably  being  able  to  grow  actively  at  a  temperature  as  low  as  50°  F., 
while  others  appear  to  develop  well  only  at  temperatures  of  about  60°  or  above. 
In  general,  the  larger,  later  kinds  require  not  only  a  longer  season  of  warm  weather 
to  reach  the  harvest  stage  than  do  small,  early  varieties,  but  also  higher  temper- 
atures to  make  any  growth  whatever. 

The  total  amount  of  heat  above  the  minimum  growth  temperature  required  to 
bring  any  variety  of  sweet  corn  to  the  harvest  stage  is  fairly  constant  for  different 
plantings  and  fields  in  a  given  region  and  is  characteristic  of  the  variety.  The 
development  of  the  ear  from  silking  to  harvest  is  so  closely  correlated  with  prevail- 
ing temperature  that  if  the  silking  date  in  a  locality  is  known,  the  day  to  harvest 
the  corn  for  highest  quality  can  be  predicted  with  a  very  high  degree  of  accuracy. 
The  time  the  ears  will  remain  in  good  condition  for  eating  or  canning  can  also  be 
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predicted,  thus  enabling  canners  to  be  better  prepared  for  handling  the  crop 
promptly  at  the  proper  stage  (1). 

Relation  of  climate  to  quality. — Since  sweet  corn  is  always  harvested  in  a 
green,  or  immature,  stage  for  food,  its  handling  is  subject  to  serious  limitations. 
The  extreme  perishability  of  its  eating  qualities  necessitates  using  it,  or  pre- 
serving it  by  canning  or  freezing,  promptly  upon  attainment  of  the  proper  stage. 

Formerly  it  was  believed  that  there  was  something  inherent  in  southern  weather 
(aside  from  greater  liability  of  damage  by  insects  and  diseases)  that  made  it 
impossible  to  grow  sweet  corn  of  as  good  texture  and  quality  as  could  be  grown 
farther  north.  It  was  discovered,  however,  that  the  low  quality  of  sweet  corn 
in  the  South  resulted  from  the  difficulty  of  harvesting  it  at  exactly  the  right  stage 
of  development  and  from  the  rapid  rate  of  deterioration  after  it  was  har- 
vested because  of  the  high  temperatures.  The  ripening  process  in  the  sweet-corn 
kernel  consists  chiefly  in  the  conversion  of  sugar  to  starch,  a  chemical  process  that 
is  very  sensitive  to  temperature.  The  rate  of  the  conversion  is  approximately 
doubled  by  a  rise  in  temperature  of  18°  F.  Thus  in  hot  weather  sweet  corn  ma- 
tures so  fast  that  a  planting  may  remain  in  good  usable  condition  (in  the 
milk  stage)  for  only  a  day  or  two,  while  in  a  cool  region  or  at  a  cooler  season  it 
may  remain  equally  good  for  4  or  5  days. 

After  sweet  corn  is  harvested  the  sugars  change  to  starch  very  rapidly,  lowering 
the  eating  quality.  During  hot  weather,  or  if  the  corn  is  piled  so  that  the 
heat  of  respiration  is  retained,  nearly  half  the  sugar  content  may  be  lost  in  a  single 
day.  Refrigeration  will  of  course  retard  deterioration  but  is  relatively  expensive 
for  such  a  bulky  and  low-priced  crop  as  green  corn.  The  impracticability  of 
retaining  satisfactory  quality  in  fresh  sweet  corn  over  a  period  of  several  days 
has  helped  to  prevent  the  out-of-season  shipment  of  large  quantities  over  long 
distances,  as  many  other  vegetables  are  shipped.  The  ravages  of  the  earworm  in 
the  South  have  also  worked  against  the  development  of  large-scale  production 
for  shipping  to  northern  markets. 

Sweet  corn  is  far  more  susceptible  than  field  corn  to  moisture  and  cold  during 
maturity  and  the  ripening  of  the  seed.  It  will  mold  in  the  husk  and  be  ruined 
if  left  in  the  field  to  dry  as  field  corn  commonly  is.  Sweet  corn  for  seed  must  be 
husked  and  dried  under  shelter  as  soon  as  it  is  ripe  in  order  to  retain  viability  and 
prevent  mold. 

Warm  Region  Crops 
Watermelon 

For  best  growth  and  quality,  the  watermelon  requires  a  long  growing  season  with 
high  temperatures.  This  crop  is  not  so  markedly  affected  by  atmospheric  humid- 
ity as  is  the  muskmelon.  Watermelons  with  excellent  flavor  and  shipping  quality 
are  produced  in  the  humid  climate  of  the  Southeast  as  well  as  in  the  arid  climate 
of  the  Southwest.  Under  humid  conditions,  however,  foliage  diseases  are  more 
destructive  and  cause  greater  fluctuation  in  quality  and  yield  per  acre.  A  small 
acreage  in  the  Southwest  is  started  under  hot  caps,  but  this  practice  is  not  so 
extensive  as  in  the  case  of  cantaloups.  In  a  number  of  districts  a  strip  of  barley 
or  rye  is  grown  between  the  rows  of  watermelons  at  a  right  angle  to  the  strong 
prevailing  winds  to  prevent  erosion  of  the  sandy  soil  and  to  help  hold  a  layer  of 
warm  air  at  the  soil  surface. 

Hot  weather  is  needed  not  only  for  the  growth  of  the  watermelon  but  also  for  a 
large  market  demand.  In  the  North  there  is  very  little  demand  for  water- 
melons until  hot  weather  arrives. 

Sweetpotatoes 

The  sweetpotato  is  of  tropical  origin  and  will  not  thrive  in  cool  weather.  The 
least  touch  of  frost  will  kill  the  foliage,  and  prolonged  exposure  of  either  the  aerial 
parts  of  the  plant  or  the  roots  to  temperatures  appreciably  below  50°  F.  will  result 
in  damage  or  destruction.  The  crop  is  of  no  commercial  importance  in  regions  of 
mean  summer  (June  through  August)  temperatures  below  70°,  and  except  for  the 
sweetpotatoes  produced  in  the  Maryland- Delaware- New  Jersey  area,  most  of  the 
country's  crop  is  produced  south  of  the  summer  isotherm  of  75°.  No  other 
common  crop  in  the  United  States  will  stand  more  heat,  and  very  few  require  as 
much.     No  farming  area  of  the  country  is  too  hot  or  too  hot  and  moist  for  it, 


Climate  and  J  egetable  Crops     •     395 

although  there  are  warm  regions  of  the  West  to  which  it  is  ill-adapted  for  other 
reason*. 

Sweetpotatoes  are  not  transplanted  in  the  field  until  the  daily  mean  temper- 
atures approach  70°,  which  in  the  eastern  half  of  the  country  is  about  4  weeks 
after  the  average  date  of  the  last  killing  frost.  If  sweetpotatoes  are  planted  near 
the  frost  date,  even  if  no  frost  occurs,  the  temperatures  are  too  low  for  normal 
growth,  and  many  plants  die  or  fail  to  be  productive. 

It  is  notable  that  very  few  sweetpotatoes  are  grown  west  of  the  ninety-seventh 
meridian,  which  passes  through  the  center  of  Texas.  The  crop  is  not  adapted  to 
the  deep,  heavy,  high-nitrogen  soils  of  much  of  the  West,  nor  is  it  especially  well 
adapted  to  culture  under  irrigation.  Most  of  the  sweetpotato  acreage  west  of  the 
Rocky  Mountains  is  concentrated  in  the  San  Joaquin  Valley.  The  areas  adjacent  to 
the  Pacific  Ocean  are  too  cool  for  satisfactory  growth,  although  the  growing  season 
is  long.  Most  localities  in  the  United  States  at  elevations  of  over  2,000  feet  have 
either  too  low  mean  temperatures  or  too  short  a  growing  season. 

Our  climate  is  so  foreign  to  the  sweetpotato  that  it  normally  does  not  flower 
and  until  recently  was  never  known  to  produce  viable  seed  in  this  country.  Seeds 
of  sweetpotato  were  formerly  available  only  from  the  Tropics.  Our  short  season, 
long  summer  days,  and  low  temperatures  prevent  flowering  and  seed  formation 
under  normal  field  conditions.  The  Louisiana  Agricultural  Experiment  Station 
has  recently  developed  methods  of  handling  the  plants  that  result  in  profuse 
flowering  and  seed  production,  thus  making  possible  large-scale  plant-breeding 
work  with  sweetpotato  in  this  country.  In  1939  the  Department  initiated  ex- 
tensive cooperative  breeding  and  adaptation  investigations  on  sweetpotatoes  with 
half  a  dozen  southern  experiment  stations. 

The  sweetpotato  has  recently  assumed  new  importance  as  a  source  of  starch. 
For  starch  manufacture,  the  restrictions  imposed  on  the  crop  by  length  of  growing 
season  and  by  mean  temperatures  are  much  more  stringent  than  for  growing  for 
market.  Since  only  low  prices  can  be  paid  for  sweetpotatoes  for  starch,  they 
can  be  produced  profitably  for  that  purpose  only  in  localities  that  will  give  large 
yields  per  acre  at  low  cost.  It  now  appears  probable  that  culture  for  starch  will 
be  profitable  only  in  that  part  of  the  South  below  the  July-August  mean-temper- 
ature isotherm  of  80°  F.  Sweetpotato  regions  north  of  that  not  only  have  too 
short  a  season  to  produce  the  large  yields  essential  for  profit,  but  on  an  average 
the  percentage  of  starch  in  the  roots  is  a  little  lower.6  Preliminary  data  indicate 
also  that  sweetpotatoes  with  a  lower  starch  content  are  produced  on  the  heavier 
types  of  soil. 

Eggplant 

Eggplant  is  a  minor  crop  for  which  there  is  little  demand  in  comparison  with 
most  crops  discussed  in  this  article.  The  restriction  of  its  extensive  commercial 
culture  chiefly  to  Florida,  Louisiana,  Texas,  New  Jersey,  and  Virginia  is  probably 
largely  due  to  economic  factors  and  only  in  part  to  climate.  This  crop  has  a 
very  high  heat  requirement,  will  not  tolerate  long  periods  of  temperatures  near 
freezing  without  damage,  and  is  comparatively  difficult  to  grow.  It  should  not 
be  set  in  the  field  when  mean  temperatures  are  below  65°  to  70°  F.,  since 
serious  checking  or  stunting  of  the  plants  by  cool  weather  may  result  in  poor 
development  and  low  yields  for  the  season.  In  general  its  temperature  require- 
ments are  similar  to  those  of  sweetpotato.  It  is  equally  sensitive  to  frost  but 
seems  to  tolerate  temperatures  in  the  -40°  to  50°  range  better  than  sweetpotato 
for  short  periods  in  the  fruiting  stage.  Most  of  the  growth  of  the  "winter"  crop 
of  Florida  is  made  in  the  fall  before  cool  weather. 

Pereivmal  Crops 

Asparagus 

Asparagus  is  extensively  planted  in  the  hot  interior  valleys  of  the  west-coast 
region,  the  upper  Mississippi  Valley,  and  along  the  Atlantic  coast  from   Massa- 
chusetts to  South  Carolina.      Along  the  shores  of  the  Pacific  and  in  high  altitudes 
•isons  are  either  too  late,  too  short,  or  too  cool  for  production  of  the  high 
yields  necessary  for  profit,  and  commercial  plantings  are  not  found  in  these  regions. 

*  T'npublished  data  obtained  in  cooperative  investigations  of  the  Mississippi  Agricultural  Experiment 
Station  and  the  I*,  s.  Department  of  Agriculture. 
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Low  temperatures  during  the  cutting  season  cause  the  spears  to  make  a  slow 
growth  and  impair  the  edible  quality.  Prolonged  periods  of  low  temperatures 
during  growth  cause  an  accumulation  of  purple  or  violet  pigment  in  the  spear, 
the  color  depending  upon  the  variety.  This  pigmentation  is  especially  undesir- 
able in  white  asparagus  for  canning. 

Asparagus  is  not  adapted  to  the  far  South,  according  to  Kimbrough  (IS),  be- 
cause insufficient  reserve  food  is  stored  in  the  fleshy  roots  to  produce  a  good  yield. 
Instead  of  being  stored,  the  food  produced  throughout  the  long  growing  season 
is  used  in  the  continual  production  of  new  shoots.  Even  during  winter  or  early 
spring,  a  warm  spell  may  produce  growth  of  the  shoots,  and  a  later  freeze  may 
cause  injury.  The  eating  quality  of  spears  produced  in  the  South  is  excellent, 
but  low  yields  and  small  size  are  the  limiting  factors  in  commercial  production. 
High  temperatures  alone  are  not  a  barrier  to  profitable  production.  A  consider- 
able commercial  acreage  exists  in  the  Imperial  Valley  of  California.  The  ex- 
cessive heat  there  in  July  and  August  seems  to  inhibit  the  production  of  new  shoots, 
but  water  is  applied  to  keep  the  tops  green,  and  when  temperatures  recede  some- 
what in  late  summer  a  new  flush  of  growth  appears:  After  late  August  or  early 
September  irrigation  is  discontinued  so  that  additional  buds  will  not  be  forced 
into  growth  during  the  fall  and  so  that  the  food  manufactured  in  the  green  "fern" 
can  be  stored  as  reserves  in  the  fleshy  roots  instead  of  being  used  in  the  production 
of  new  shoots.  Thus  in  most  irrigated  regions  the  top  growth  can  be  controlled 
by  the  judicious  application  of  water. 

From  experimental  data,  Culpepper  and  Moon  (.9)  have  estimated  the  length 
of  time  required  for  the  asparagus  shoot  to  grow  in  height  from  4  to  10  inches  at 
different  air  temperatures.  At  a  mean  dailv  temperature  of  52.5°  F.  the  time 
required  would  be  5.3  days;  at  57.5°  it  would  be  4.2;  at  62.5°,  3.4;  at  67.5°,  2.4;  at 
72.5°,  2.1;  and  at  77.5°,  1.9.  These  estimates  show  in  a  striking  manner  why 
regions  with  low  growing  temperatures  are  not  suitable  for  asparagus  production. 
The  rate  of  elongation,  of  course,  will  vary  somewhat  with  the  variety,  size  of 
spear,  soil  moisture,  soil  fertility,  and  other  factors,  but  temperature  is  the  most 
important  factor. 

At  exceptionally  high  temperatures  the  lateral  branches  develop  early.  Work- 
ing (81)  found  that  shoots  of  a  plant  growing  at  temperatures  of  95°  to  105°  F. 
began  branching  when  only  2  to  3  inches  high;  at  59°  they  reached  a  height  of 
30  to  40  inches  before  branching. 

Strong  drying  winds  are  especially  objectionable  in  regions  where  green  as- 
paragus is  to  be  produced  either  for  market  or  for  canning,  since  they  retard 
growth  on  one  side  of  the  spear.  The  resulting  crooked  spears  make  packing  and 
bunching  difficult  and  increase  the  number  of  culls. 

Humidity  does  not  seem  to  be  a  factor  as  far  as  growth  and  quality  are  con- 
cerned, for  the  crop  thrives  as  well  in  the  humid  East  as  in  the  hot,  semiarid  valleys 
of  the  west  coast.  Under  extreme  drought  conditions  roots  may  draw  moisture 
from  soil  levels  as  deep  as  20  feet,  which  indicates  that  the  plant  will  adapt  itself 
to  long,  dry  periods  by  foraging  a  great  distance  for  water.  Fleshy  roots  and 
crowns  will  tolerate  submergence  in  water  for  a  considerable  period  if  the  temper- 
atures are  fairly  iow. 

In  the  Sacramento -San  Joaquin  Delta  of  California,  the  garden  centipede, 
which  has  done  considerable  damage  to  the  asparagus  crop,  can  be  controlled  by 
flooding  the  beds  for  a  period  of  3  to  4  weeks  in  midwinter. 

Besides  controlling  the  centipede,  flooding  forces  the  asparagus  from  10  days  to 
2  weeks  earlier,  and  for  this  reason  it  has  become  a  general  practice  on  beds  that 
are  to  be  cut  for  early  shipment,  even  when  centipede  control  is  not  a  problem. 

Humidity  is  an  important  factor,  however,  insofar  as  it  influences  disease, 
though  the  only  disease  of  economic  importance  is  rust.  The  prevalence  of  rust 
is  closely  related  to  moisture  conditions,  a  film  of  moisture  on  the  plant  being  neces- 
sary for  the  germination  of  the  rust  spores.  In  regions  where  dew  is  prevalent 
throughout  the  growing  season  the  spread  of  rust  from  plant  to  plant  and  field 
to  field  may  be  rapid.  In  the  hot  interior  valleys  of  California  the  rust  does  not 
spread  so  rapidly  because  there  is  little  or  no  summer  rain,  dew,  or  fog;  the  disease 
is  therefore  of  minor  importance  there  during  most  years  except  on  young  beds 
that  are  not  cut  and  those  in  which  production  is  discontinued  early  in  the  season. 
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Globe  Artichoke 

The  globe  artichoke  is  probably  the  most  exacting  of  all  vegetable  crops  with 
respect  to  climatic  requirement.-.  Commercial  production  i-  restricted  to  a  nar- 
row strip  of  land  on  the  central  California  coast  extending  over  five  counties 
Marin  in  the  north  to  San  Luis  Obispo  in  the  south.  This  maritime  region, 
occasionally  referred  to  as  the  fog  belt,  is  the  home  of  the  artichoke  industry  of 
the  United  States  and  is  the  only  district  that  produces  a  high-quality  product. 
Having  a  cool,  humid  climate,  tempered  winter  and  summer  by  ocean  bre~ 
provides  almost  ideal  conditions.  Here  the  buds  make  the  most  desirable  type  of 
development:  the  bracts  become  thick  and  fleshy  and  fit  together  tightly,  and  floral 
development  is  slow,  so  that  large  buds  of  high  edible  quality  are  produced.  Where 
adverse  climatic  conditions  such  as  high  temperatures,  bright  sunshine,  and  dry 
atmosphere  prevail,  the  florets  develop  rapidly,  the  bracts  spread  outward,  and 
the  best  edible  stage  of  the  buds  is  of  short  duration. 

The  rootstock  tolerates  considerable  freezing  andxwill  survive  northern  winters, 
but  the  aerial  portion  is  injured  by  temperatures  a  few  degrees  below  freezing. 
Commercial  production,  therefore,  must  be  confined  to  areas  that  are  relatively 
frost-free.  A  light  frost  does  not  destroy  the  edible  quality  of  the  buds,  but  it 
causes  the  epidermis  of  the  bracts  to  blister  and  peel  and  detracts  from  their 
appearance.  Temperatures  sufficiently  low  to  kill  the  buds  during  the  harvest 
season  may  delay  harvesting  for  2  to  6  weeks.  If  all  growth  above  ground  is 
killed,  harvesting  may  be  delayed  6  to  8  weeks. 

Rhubarb 

Because  of  climatic  limitations  rhubarb  culture  in  the  United  States  is  definitely 
restricted  to  regions  north  of  the  Potomac  and  Ohio  Rivers  and  to  the  coastal 
districts  of  California.  The  fleshy  roots  and  crown  of  the  rhubarb  plant  are  very 
nt  to  cold  and  desiccation.  In  the  North  the}"  are  usually  in  frozen  soil  all 
winter,  and  in  California  they  may  remain  inactive  in  the  soil  throughout  the 
hot,  dry  summer.  The  crop  is  suited  to  culture  in  regions  that  have  alternating 
warm  and  cold  seasons  as  in  the  North,  or  alternating  cool-humid  and  warm- 
dry  seasons  as  in  California.  The  plants  will  not  survive  the  hot.  humid  summers 
of  the  South.  Temperatures  of  25c  to  27c  F.  will  freeze  the  edible  leafstalks  and 
ruin  the  crop  for  several  pickings.  Cool  temperatures  favor  the  development  of 
an  attractive  pink  color,  while  at  higher  temperatures  the  green  color  is  more 
pronounced. 
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Climatic  Adaptation  of 
Fruit  and  Nut  Crops 

By  J.  R.  Magness  and  H.  P.  Teaub  ■ 


THIS  ARTICLE  covers  the  climatic  requirements  and  the 
effects  of  weather  for  1  the  subtropical  fruits — citrus  p.  402  >, 
date  (p.  404).  and  fig  p.  406  :  (2)  the  deciduous  tree  fruits 
(p.  406),  including  apples,  pears,  peaches,  plums,  and  apricots: 
3  grapes  p.  411  ;  4  the  small  fruits — strawberries  fp.  412), 
and  raspberries,  blackberries,  dewberries,  currants,  gooseberries. 
cranberries,  and  blueberries  (beginning  on  p.  413  :  and.  finally. 
(5  the  nut  crops  i  beginning  on  p.  414  .  including  pecans,  wal- 
nuts, almonds,  filberts,  and  chestnuts. 


'  J-  B  ncipal  Pon.  irge  of  Deciduous  Fruit  Investigations,  prepared  the  parts 

of  the  article  other  than  that  dealing  with  subtropical  fruits,  which  was  written  by  H.  P.  Traub,  Principal 
Horticulturist,  in  charge  of  Subtropical  Fruit  Investigations,  Bureau  of  Plant  Industry. 
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1  ei  ::srs::-7:::>"  ::'  ::.::  ir..:  :/.::  ::•::-  ::  ::.-.  --;■:'_;_  >  .ir:-.rr:±ird 
almost  entirely  by  climatic  factor?,  the  most  important  of  which  is 
temperature.  These  ciops  can  be  classed  in  three  groups,  based  on 
t-LtIT  ;ln^i::;  re:  ".-ir-.-::.-. : .:? 

(1)  The  striedy  tropical  fruits  and  nuts.  This  group  not  only  fails  to 
withstand  freezing:  temperatures  bat  may  be  injured  by  prolonged 
exposure  to  temperatures  many  degrees  above  freezing-*  Thus,  the 
'i:.iz.i  if  :•::•:::■■:  :•:  :•-  —-'1  =.iii:.r.:  :  i-.j  :•;  ;-.  _•.  -_>  --L-. :-  ::.- 
temperature  never  goes  below  50D  F,  The  most  important  fruit  crops 
in  die  group  are  bananas,  breadfruit,  mangoes,  papayas,  durians, 
annonas.  sapotes.  and  mansosteens;  the  most  important  nut  crops  are 
coconuts.  Brazil  nuts,  and  cashews.  Coffee  and  cmcato,  while  not 
horticulturaJIly  considered  fruits  or  nuts,  are  in  the  same  group  of 
plants  from  the  standpoint  of  climatic  requirements.  Pineapples  are 
adapted  to  only  slightly  cooler  conditions  than  the  other  fruits 
Space  does  not  permit  a  more  detailed  discussion  of  the  climatic 
requirement  of  these  crops.  Xone  is  grown  extensively  in  continental 
United  States.  There  is  a  limited  production  of  pineapples  and 
zii: .£  : -^  Li.  r  . :  :.:i 

The  subtropical  fruits.  Plants  in  this  group  will  endure  tem- 
peratures slightly  below  freezing  without  injury.  Included  in  the 
group  are  oranges,  grapefruit,  lemons,  limes,  kumquats,  cherimoyas. 
avocados,  Etchis.  jabotirabas.  olives,  figs,  and  dates.  These  fruits 
■=-111  -.-_:: .i:i-  :  --_  ;:-  .  .  1  :i_ii.  :L:»s-  m  :'l-  z^  rr:  \:z  in:  s.r  :  .-.:-:. :'.j 
require  some  cool  weather  for  proper  development — they  do  not 
grow  well  in  strictly  tropical  climates.  The  trees  bearing  these  fruits, 
hike  those  of  the  tropical  group,  are  characteristically  evergreen,  and 
none  of  them  are  sufficiently  hardy  to  withstand  severe  freezing. 
The  ofive  is  probably  the  hardiest,  and  varieties  of  olive  grown  for 
tltLt  ir.:::  irr  ii/yjr-ei  bj  z^zzlz'-.  r^'  .:->  Srlo~  ;    :  7 

(3)  The  hardy  fruits.  These  are  produced  on  deciduous  trees  or 
:  .-.?:.e?  :Ls:  .v.:r_:.r  :l-  i:~tzzlz.-.  s-.-r.s::.  :  ::.:■:  :.  re>:  : ::;:  .1.  —":_;':. 
it  takes  a  period  of  cold  weather  to  break.  :  them,  while 

i/min:.  —Ill  >:.ii_i  -..Ti^Orr^:.::-^  :s:  :-~o—  :r-T~:^  Br  -/.is-.  : 
their  requirement  of  a  period  of  cold  in  order  to  develop  normally, 
they  are  unadapted  to  tropical  donates.  The  principal  fruits  of  the 
group  include  apples,  peaches,  pears,  cherries,  plums,  and  prunes, 
grapes,  apricots,  blackberries,  and  raspberries.  Strawberries  art 
green  plants,  only  semihardy.  which  survive  in  cold  latitudes  because 
of  their  low  growth  habit  and  the  protection  of  snow  and  other  cover. 

S     BIKOPKC  ITS 

The  climatic  belt  where  subtropical  fruits  are  produced,  as  the 
name  indicates,  is  between  the  true  Tropics,  where  frost  never  occurs, 
and  the  belt  in  the  Temperate  Zone  where  normally  the  temperature 

-•:>:.  rills  '-.•  frvvZiL^  in:  ?ri~f  ':.•■'.:"  :'::  i  :  :.-".  :• .  ri :  --  :  ur: 
of  the  winter  season.  This  intermediate  belt  is  not  confined  within 
exact  latitude  limits;  its  boundaries  vary  owing  to  other  factors  that 
influence  climate,  such  as  land  elevation,  ocean  currents,  large  inland 
bodies  of  water,  and  the  protection  of  mountain  ranges.  Within  this 
belt  are  two  general  types  of  climate — humid  and  semiarid.  In 
this  brief  summary  the  citrus  fruits,  the  date,  and  the  %  are  considered 
as  typical  examples  of  subtropical  frm 
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Citrus 

The  citrus  fruits,  including  the  familiar  sweet  orange,  grapefruit,  lemon,  and 
lime,  are  cultivated  in  both  humid  and  semiarid  regions  and  are  interesting  from 
the  standpoint  of  climatic  requirements  for  successful  commercial  culture. 

Temperature  Requirements 

The  reports  of  Girton  (25), 2  Fawcett  (21),  and  Camp,  Mowry,  and  Loucks  (10) 
on  temperature  requirements  of  citrus,  based  mainly  on  seed-germination  or 
seedling-emergence  experiments,  indicate  that  while  the  so-called  zero  growth 
temperature,  or  vital  temperature,  for  citrus — the  lowest  temperature  at  which 
growth  can  take  place  at  all — is  in  the  neighborhood  of  55°  F.,  and  the  maximum 
temperature  at  which  growth  can  take  place  is  approximately  100°,  the  optimum 
for  growth  ranges  between  about  73°  and  91°  for  sweet  orange,  and  79°  and 
91°  for  sour  orange.  On  the  basis  of  these  results,  Webber  (62)  has  pointed 
out  that  55°  may  be  considered  as  the  correct  zero  growth  temperature 
for  citrus,  with  slight  differences  for  individuals,  types,  species,  varieties,  and 
varying  physical  conditions.  Webber  has  reported  average  annual  indices  of 
heat  units  available  to  citrus  during  the  growing  period  from  March  to  November 
under  California  conditions,  based  on  the  sum  of  all  the  mean  daily  temperature 
readings  above  55°.  He  points  out  that  the  Washington  Navel  orange  reaches 
its  best  development  in  sections  with  indices  from  March  to  November  of  3,000 
to  3,500  degree-davs,  and  is  less  satisfactorv  in  sections  with  indices  as  low  as 
2,500  or  as  high  as' 5,000. 

Observations  by  Perry  and  Frost  over  a  long  period  in  California,  as  reported 
by  Webber  (62),  indicate  that  the  higher  the  mean  monthly  temperatures  in 
February  and  March,  the  earlier  the  midblooming  period  appears  in  any  year. 
Apparently  the  actual  temperatures  in  February  and  March  control  flowering 
to  a  considerable  extent,  and  the  annual  variations  in  this  respect  will  indirectly 
influence,  at  least  in  part,  the  time  of  ripening. 

Citrus  fruit  types  vary  widely  with  reference  to  the  degree  of  low  temperature 
they  withstand,  and  this  largely  determines  where  they  can  be  most  profitably 
grown.  The  hardiest  of  the  larger  types,  the  Satsuma  orange,  can  withstand 
18°  F.  without  defoliation  when  in  a  dormant  condition,  and  thus  it  can  be  grown 
in  the  northern  part  of  the  subtropical  belt.  On  the  other  hand,  limes  may  be 
injured  at  28°  and  are  consequently  confined  to  the  warmest  locations.  In  be- 
tween are  the  lemon,  sweet  orange,  grapefruit,  and  tangerine.  In  the  thoroughly 
dormant  condition  the  commonly  accepted  minima  for  these  types  are  about  as 
follows:  Lemon,  26°  to  27°;  sweet  orange  and  grapefruit,  23°  to  24°;  and  tanger- 
ine, 22°  to  23°.  There  is  variation  within  the  tvpe,  however,  as  pointed  out  bv 
Webber  et  al.  (63)  and  Rhoads  and  DeBusk  \53).  Wright  and  Taylor  (67) 
have  established  the  average  freezing  point  for  fruits  of  the  sweet  orange,  Satsuma 
orange,  and  Temple  orange  at  28.03°,  and  according  to  Young  (68),  the  freezing 
point  of  ripe  Washington  Navel  oranges  is  from  27°  to  28°;  that  for  half  ripe, 
from  28°  to  29°;  and  that  for  green,  from  28.5°  to  29.5°. 

These  minima  must  be  considered  in  relation  to  other  factors,  particularly 
the  condition  and  relative  dormancy  of  the  trees.  Trees  in  good  health,  well 
fertilized,  and  free  from  disease  and  insect  damage  show  greater  resistance  to 
low  temperature  than  do  those  that  are  devitalized  by  undernourishment,  disease, 
or  insect  infestation.  The  degree  of  damage  is  also  dependent  on  (1)  the  location 
of  the  trees  with  reference  to  air  drainage,  (2)  the  minimum  temperature,  (3)  the 
duration  of  the  low-temperature  period,  (4)  the  modifying  effects  of  winds,  and 
(5)  the  conditions  under  which  the  trees  thaw  out  and  the  after  care  (9,  53,  63,  68). 

Since  critical  low  temperatures  occur  in  most  areas  of  the  United  States  where 
citrus  is  grown  commercially,  grove  heating  is  employed  during  cold  periods  when 
it  is  economically  feasible.  The  method  of  warming  the  atmosphere  by  lighting  a 
large  number  of  small  fires  throughout  the  grove  area  is  generally  used  as  a  means 
of  frost  prevention  in  the  Southwest,  where  it  has  been  put  on  a  systematic  basis 
(68).  The  temperature  is  thus  made  to  rise  8°  F.  or  more,  which  is  usually  suffi- 
cient to  prevent  damage  to  trees  and  fruit.  Frost  prevention  by  heating  is  most 
efficient  when  the  air  near  the  ground  is  calm.  When  frosts  are  accompanied  by 
winds,  licai  from  the  fires  is  continually  carried  away,  and  the  fuel  consumption 

3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  417. 
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and  consequently  the  cost  are  relatively  greater.  In  the  Southeast,  although 
frosts  are  often  accompanied  by  high  winds,  grove  heating  is  gradually  increasing. 

Trees  under  6  years  old  are  more  susceptible  to  low-temperature  damage  than 
older  ones  and  are  usually  mounded  with  earth  well  above  the  bud  union  during 
the  winter  season.  If  the  top  is  frozen,  a  new  one  may  be  grown  from  the  un- 
injured scion  portion  above  the  bud  union.  Attempts  have  been  made  to  select 
varieties  that  are  relatively  hardy.  The  grapefruit  variety  Marsh  may  be  cited 
as  an  illustration.  It  is  definitely  less  susceptible  to  low  temperature  damage 
than  Duncan  and  other  varieties.  Crosses  of  various  citrus  types  that  have  been 
made  in  attempts  to  secure  greater  hardiness  in  the  progeny  are  described  in  detail 
in  the  1937  Yearbook  of  Agriculture. 

Another  effect  of  temperature  on  citrus  remains  to  be  noted.  In  tropical 
climates  the  rind  of  citrus  fruits  in  a  great  measure  retains  the  green  or  yellowish- 
green  color  even  at  maturity.  By  contrast,  the  rind  of  citrus  in  subtropical 
climates  takes  on  a  deep  yellow  or  orange  color,  depending  on  the  type.  Within 
the  subtropical  belt  a  similar  though  less  marked  difference  in  rind  color  is  noted 
between  the  warmer  and  colder  areas. 

Moisture  Supply 

It  is  estimated  that  35  inches  of  water  a  year  is  needed  for  the  production  of 
normal  citrus  crops.  In  a  humid  climate  like  that  of  Florida,  as  pointed  out  by 
Hume  (32),  there  is  usually  sufficient  moisture  from  rainfall  during  the  growing 
season  from  February  to  November.  During  the  winter  season,  however,  the 
rainfall  is  relatively  scarce,  and  the  application  of  irrigation  water  would  be 
beneficial  from  "February  when  trees  are  in  bloom,  through  June."  According 
to  Friend  (24)  the  annual  rainfall  is  approximately  23  inches  in  the  semiarid  lower 
Rio  Grande  Valley,  and  this  deficit  must  be  made  up  by  the  application  of  irriga- 
tion water.  Fortunately,  most  of  the  rainfall  occurs  during  the  summer  season, 
when  it  is  most  needed.  In  the  semiarid  Southwest,  citrus  trees  require  irriga- 
tion water,  in  addition  to  the  rainfall.  The  amount  to  be  supplied  depends  upon 
the  amount  of  rainfall,  the  character  of  the  soil,  and  the  age  and  type  of  the 
trees  (14,  55).  Vaile  (59)  has  shown  that  in  general  less  water  is  used  and  the 
intervals  between  irrigations  are  longer  in  the  cooler  coastal  districts  than  in  the 
interior. 

Under  California  conditions,  according  to  Webber  (62),  there  is  apparently  no 
correlation  between  rainfall  and  the  date  of  flowering  of  citrus  trees. 

Effects  of  Humidity  and  JFinds 

The  work  of  Hodgson  (31)  indicates  that  hot,  dry  winds  are  the  chief  cause  of 
June  drop  of  immature  Washington  Navel  orange  fruits  in  southern  California. 
Wager  (61)  reports  similar  results  from  South  Africa.  In  the  interior  valleys  of 
the  arid  Southwest,  abscission  of  immature  fruits,  according  to  Coit  and  Hodgson 
(15),  is  due  to  the  daily  water  deficits  in  the  young  developing  fruits  resulting  from 
high  temperature  and  low  relative  humidity. 

According  to  Webber  (62),  under  California  conditions,  where  there  is  wide 
variation  in  average  daily  relative  humidity — coastal  sections  63  to  72  percent, 
Interior  Valley  section  50  to  52  percent,  and  Salton  Basin  section  37  to  39  percent — 
"fruits  tend  to  be  smoother,  thinner  skinned,  and  in  general  more  juicy  and  richer 
in  quality  when  grown  in  an  atmosphere  of  fairly  high  relative  humidity."  He 
also  points  out  that  the  shape,  skin  texture,  relative  development  of  navel,  and 
depth  of  color  may  be  affected  by  the  climatic  complex,  of  which  the  atmospheric 
humidity  is  apparently  the  dominating  factor. 

Coit  and  Hodgson  (15)  have  shown  that  within  limits  the  relative  humidity  can 
be  raised  considerably  over  that  of  the  desert  by  windbreaks,  the  trees  themselves, 
and  cover  crops.  Reed  and  Bartholomew  (52)  have  summarized  the  literature  on 
the  effects  of  desiccating  winds  on  citrus  trees  and  reported  their  own  field  obser- 
vations and  experiments.  They  conclude  that  desiccating  winds  cause  defoliation, 
death  of  twigs,  and  loss  of  fruit  owing  to  excessive  transpiration  during  windstorms 
as  well  as  the  mechanical  force  of  the  wind. 
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Light  Requirements 

According  to  Palmer  (4-5\  the  earlier  ripening  of  oranges  in  the  northern  end  of 
the  Central  Valley  of  California,  as  contrasted  with  that  in  the  citrus  districts 
400  miles  farther  south,  is  in  a  great  measure  due  to  the  longer  day  during  the 
growing  season,  although  the  protection  from  cool  night  winds  afforded  by  the 
surrounding  mountains  is  partly  responsible. 

After  weighing  the  available  evidence  from  various  citrus-producing  regions, 
using  as  his  measure  the  time  of  maturity,  which  is  influenced  to  some  extent  by 
the  time  of  flowering,  Webber  (62)  concludes  that  length  of  day  probably  has  no 
effect  or  only  a  minor  one  in  causing  flowering. 

Harding  et  al.  (38)  have  reported  significantly  higher  ascorbic  acid  (vitamin  C) 
values  in  the  juice  of  oranges  picked  from  outside  branches  that  were  well  exposed 
to  sunlight  as  contrasted  with  fruit  from  inside,  shaded  branches. 

Effect  of  Climate  on  Citrus  Diseases  and  Pests 

As  an  example  of  the  close  relationship  between  climate  and  the  prevalence  of 
diseases,  the  work  of  Peltier  and  Frederich  fjf&)  with  citrus  scab  may  be  cited. 
They  found  that  "any  environmental  factor  or  factors  inducing  a  slight  spring 
growth  and  rapid  maturation  or  late  starting,  favors  scab  escape:  while  any 
environmental  factor  or  factors  inducing  a  large  amount  of  spring  growth  and  slow 
maturation  favors  scab  susceptibility."  Similar  generalizations  may  be  made 
with  reference  to  citrus  diseases  caused  by  other  plant  pathogens.  Fawcct  I 
points  out  that  certain  citrus  diseases  that  have  had  ample  time  and  opportunity 
for  wide  distribution  in  citrus  areas  of  the  world  are  confined  by  climatic  conditions 
to  definite  areas.  The  various  semiarid  citrus  areas  have,  in  general,  the  same 
citrus  insect  pests,  in  some  cases  the  same  species  or  different  species  of  the  same 
genus.  In  general,  the  important  citrus  insects  in  humid  climates  differ  from 
those  of  semiarid  areas,  as  pointed  out  by  Quayle  (SO). 

Dates 

Although  the  date  palm.  Phoenix  dactylijcra.  will  grow  in  most  parts  of  the  sub- 
tropical belt,  it  does  not  ripen  fruit  of  commercial  quality  except  under  certain 
conditions  of  temperature  and  aridity. 

Mason  (39)  studied  the  temperature  changes  in  the  interior  of  the  date  palm 
and  reported  that  the  temperature  at  the  center  of  the  tree  ranged  from  26°  F. 
warmer  than  the  surrounding  air  on  the  coldest  mornings  observed  to  32°  cooler 
on  the  hottest  day.  This  stabilization  of  temperature  is  apparently  due.  according 
to  Mason,  to  the  protective  insulating  leaf  bases  and  the  ascending  sap  current, 
which  has  a  temperature  acquired  from  the  soil;  and  it  would  explain  at  least  in 
part  the  resistance  of  the  date  palm  to  extremes  of  temperature. 

The  date  palm  can  endure  lower  temperatures  than  most  types  of  citrus,  and 
when  in  the  dormant  condition,  according  to  Swingle  (58).  it  is  rarely  injured  at 
20c  P.  and  is  able  to  survive  in  regions  where  the  temperature  occasionally  falls 
to  12°.  He  indicates  four  different  limits:  (1)  Young  palms  in  active  growth 
would  be  injured  at  several  degrees  below  freezing;  (2)  young  palms  not  in  active 
growth  and  old  palms,  if  nearly  dormant,  would  be  severely  injured  at  15°; 
(3*)  old  and  dormant  palms  could  withstand  temperatures  down  to  12°;  and  (4) 
most  date  palms  would  be  killed  and  all  would  be  seriously  injured  at  10°  F.,  and 
the  culture  of  dates  would  be  impracticable  in  regions  where  such  temperatures 
were  experienced  more  than  once  in  a  decade.  According  to  Albert  and  Hilge- 
man  (1 .  9)  mature  palms  may  be  seriously  injured  at  12°  F.  in  the  date-growing 
region  of  Arizona,  but  varieties  differ  in  resistance  to  low  temperature.  Young 
palms  will  be  seriously  injured  at  20°.  and  24c  to  26°  will  cause  noticeable  injury 
to  lower  leaves.  According  to  Xixon  and  Moore  (44)  leaves  of  mature  palms  are 
injured  by  prolonged  exposure  to  a  temperature  of  20°. 

According  to  De  Candolle  (11).  temperatures  as  low  as  64.4°  F.  have  no  influence 
on  the  flowering  and  fruiting  of  the  date,  and  Swingle  (58)  reports  that  this  is 
confirmed  by  his  observations.  Although  Swingle  does  not  set  a  maximum  at 
which  growth  will  cease,  he  does  state  that  the  high  air  temperatures  (up  to  110° 
and  higher)  experienced  during  the  growing  season  in  some  semiarid  regions  where 
dates  are  grown  commercially  are  beneficial.     Nixon  and  Moore  (44)  state  that 
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in  the  Coachella  Valley  of  California  the  air  temperature  frequently  exceeds  1 10° 
and  has  exceeded  122c  but  that  it  is  not  known  whether  such  temperatures  are 
desirable  for  the  date.  Albert  and  Hilgeman  (2)  report  that  there  is  no  record  of 
injury-  to  date  palms  by  high  temperatures  in  Arizona. 

According  to  Swing  it  least  3.632  summation   heat   units  during  the 

growing  season,  with  04.4"-  F.  as  zero,  are  required  to  ripen  a  high-quality  date 
such  as  the  Deglet  Xoor.  Later  Vinson  {60)  reported  that  the  date  palm  ceases 
to  grow  at  50".  Using  this  as  zero.  Albert  and  Hilgeman  (2)  have  classified  date 
varieties  on  the  basis  of  summation  heat  units  required  to  reach  commercial 
maturitv  as  (1)  earlv  ripening,  about  4.000  to  4.200  units;  *'2>  midseason.  4,600  to 
4,800  units;  and  (3)  late.  5,200  to  5,300  unit 

Ma-  (porta  that  the  growth  of  the  date  palm  may  be  continuous  during 

the  day  provided  the  temperatures  are  favorable  and  there  is  an  ample  water 
supply.  Even  when  the  minimum  air  temperature  of  the  day  is  several  degrees 
below  the  freezing  point,  growth  may  continue  provided  the  maximum  temperature 
during  the  day  is  well  above  the  zero  growth  point,  50°  F.  Albert  and  Hilgeman 
port  that  winter  temperatures  have  a  direct  mfluence  on  the  growth  of  the 
spathe  and  the  time  of  blossoming,  and  that  temperatures  after  blossoming 
apparently  have  more  effect  on  the  time  of  ripening  than  does  the  date  of  blos- 
soming. 

In  the  case  of  the  Deglet  Xoor  date,  according  to  Aldrich  and  his  coworkers,3  it 
appears  that  if  enough  heat  units  accumulate  to  cause  fruit  from  inflorescences 
pollinated  in  late  February  or  March  to  ripen  during  the  hot  period  of  late  August 
and  September,  the  fruit  is  very  much  inferior  to  fruit  on  the  same  palm  maturing 
during  the  cooler  weather  of  October  or  November.  The  late  August  and  Sep- 
tember fruit  has  a  greater  shrivel  and  a  darker  color  at  time  of  picking,  or  the  darker 
color  appears  during  storage:  and  it  is  lacking  in  flavor  as  compared  with  fruit 
ripening  later. 

An  essential  in  date  culture  is  a  minimum  of  rainfall  and  low  relative  humidity 
during  the  fruit-maturing  season  (2,  4U  44,  4&)-  A  regular  supply  of  irrigation 
must  be  provided  to  compensate  for  the  lack  of  rain.  Excessive  rainfall  or 
high  humidity  adversely  affects  dates  by  providing  conditions  favorable  for  the 
development  of  disease  and  also  by  causing  souring  or  other  spoilage  of  the  fruit. 
There  is  a  considerable  range  of  resistance  to  spoilage  from  rain  and  humidity 
among  date  varieties,  and  this  influences  the  choice  of  varieties  for  specific  locali- 

Humid  weather  during  the  ripening  season  favors  the  growth  of  several  fungi 
on  the  fruit  and  causes  spotting,  shattering,  and  rotting  of  fruits  (23,  44)-  Nixon 
^wcett  and  Kkrz  23. ,  Haas  and  Bliss  [27),  and  Albert  and  Hilgeman 
(2)  have  reported  on  water  damage  to  dates.  The  injuries  last  named  are  not  due 
to  plant  pathogens  but  to  both  weather  and  physiological  conditions  in  the  plant. 
Aldrich  and  coworkers  have  classified  water  injury  to  date  fruits  in  three  general 
groups:  (1)  Checking,  or  blacknose,  due  to  high  humidity  or  light  rains  when  the 
fruit  is  changing  from  light  green  to  the  first  pink  tints  ''usually  between  mid-July 
and  mid-A  :_  2    splitting  (also  called  tearing  by  Haas  and  Bliss),  which  is 

due  to  excess  rainfall  or  prolonged  wetting  of  the  fruit  while  it  is  pink  or  turning 
brownish:  a  e  hydration,  which  seems  to  be  related  to  the  loosening 

of  the  fruit  at  the  calyx.  Whether  the  entrance  of  pathogens  causes  or  follows 
the  loosening  of  the  calyx  is  not  known. 

Rains  in  winter  may  be  helpful,  but  spring  precipitation  may  interfere  with  date 
pollination  and  the  fertilization  of  the  flowers. 

According  to  Mason  (40),  who  correlated  weather  conditions  with  vital  activity 
in  date  seedlings,  "Normal  growth,  as  manifested  by  the  pushing  up  of  the  leaves 
from  the  growth  center,  is  made  chiefly  in  the  time  between  sunset  and  sunrise, 
but  also  at  a  reduced  rate  in  daylight,  when  direct  sunlight  is  cut  off  by  clouds. 
In  full  sunlight  date  palm  leaf  elongation  entirely  <■■  With  reference  to  the 

•f  inhibition  of  growth,  Mason  concludes,  on  the  basis  of  experiments  with 
artificial  light,  "that  the  inhibiting  of  the  date-palm  leaf  growth  in  intense  sunlight 
of  the  g&ons  is  due  chiefly  to  the  action  of  rays  of  wave  length  from  about 

0.57  m  in  the  yellow  to  about  0.405  n  in  the  violet  end  of  the  visible  spectrum,  but 
invisible  ultra-violer  rays  probably  assist  in  stopping  growth."  More  recent 
work  on  other  plants  seems  to  indicate  that  this  checking  in  growth  is  at  least 
partlv  due  to  the  inactivation  of  growth  substance  by  radiation  of  short  wave 
length - 

1  Wished  results  at  the  United  States  Date  Garden,  Indio,  Calif. 
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Figs 

The  common  cultivated  fig.  Fiat*  car  tea.  can  withstand  lower  winter  tempera- 
tures than  either  citrus  or  dates.  Condit  16)  reports  that  the  dormant  mature 
fis  tree  can  be  expected  to  withstand  winter  temperatures  of  15c  F.  without 
injury;  young  trees  are  much  more  susceptible  to  low-temperature  injury,  and  in 
the  semiarid"  Southwest  spring  frosts  cause  the  most  serious  damage,  though 
fortunately  not  frequently.  Serious  injury  may  also  occur  during  October  and 
November  before  the  leaves  fall.  Gould  (26)  points  out  that  in  addition,  in  the 
southeastern  humid  region,  serious  injury  may  result  when  low-temperature 
periods  follow  exceptionally  warm  periods  of  considerable  duration  that  bring 
trees  out  of  the  winter  dormant  condition. 

Figs  for  preserving  or  canning  are  being  grown  with  maximum  daily  tempera- 
tures below  100°  F.  in  humid  regions  of  summer  rains  (26.  57).  and  also  in  semi- 
arid  areas  with  similar  temperatures  and  fairly  high  relative  humidity  due  to 
rains  and  fog  (16).  Figs  for  drying,  however,  are  most  successfully  produced 
in  regions  with  long  sunny  days,  maximum  daily  temperatures  around  100°  F., 
and  low  relative  humidity.  With  temperatures  considerably  higher  than  100°. 
the  fruits  ripen  prematurely,  or  the  skin  is  toughened  and  the  proportion  of  fruits 
deficient  in  pulp  increased.  On  the  other  hand,  with  a  small  number  of  heat 
units  and  greater  relative  humidity,  splitting  of  the  fruit  and  other  spoilage 
troubles  are  more  prevalent  (16. 

In  semiarid  regions  sufficient  irrigation  water  must  be  supplied  to  make  good 
any  moisture  deficiency  from  lack  of  natural  rainfall,  since  attempts  to  grow  the 
fig  under  dry-land  culture  have  failed.  However,  rains  at  the  time  of  caprification 
(fertilizing  of  the  fig  blossoms')  are  unwelcome,  and  the}*  are  especially  serious  during 
the  dryine  season,  when  figs  may  be  either  completely  ruined  or  considerably 
injured  in  commercial  quality    16). 

In  the  semiarid  Southwest,  some  varieties  are  subject  to  splitting  of  immature 
fresh  figs.  According  to  Smith  and  Hansen  (-56),  '"this  is  caused  by  atmospheric 
humidity  or  sudden  changes  in  humidity  rather  than  by  soil  moisture  as  was 
formerly  thought."  In  the  humid  Southeast,  the  most  common  disease  is  fig  rust. 
Uredo  fici.  ^It  attacks  both  leaves  and  fruit,  is  confined  to  humid  regions,  and 
can  be  controlled  by  spraying  (26.  57.  6Jf).  On  the  Texas  Gulf  coast,  where  the 
Magnolia — a  variety  that  carries  the  fruits  upright  on  the  branches  and  has  a 
more  open  eye  than  some  varieties — is  chiefly  grown,  there  is  a  tendency  for 
fruits  to  sour  during  damp  weather 

Strong  winds  at  the  season  of  ripening  whip  the  foliage  and  cause  scarring  of 
fruit,  especially  of  such  canning  varieties  as  Kadota.  thus  lowering  the  grade. 
Windy  weather  during  the  season  of  caprification  may  seriously  interfere  with  the 
normal  flight  of  blastophagas  (wasps  that  fertilize  the  blossoms)  and  a  poor 
setting  of  figs  of  the  Smyrna  type  may  result  (16.  50). 

Since  figs  ripen  very  rapidly  in  the  humid  sections  of  the  Texas  Gulf  coast, 
the  fruit  must  be  picked  daily  to  decrease  loss  from  spoilage  after  picking.  To 
minimize  this  loss,  figs  are  usually  picked  before  they  are  soft  ripe  (57). 

Condit  (16)  reports  that  the  fruit  characters  of  the  fig  may  be  affected  by 
climatic  differences.  In  the  hot  interior  valleys  with  low  relative  humidity, 
second-crop  Kadota  figs  have  a  very  slight  neck  or  none  at  all,  a  golden-yellow 
skin,  and  an  amber  pulp,  while  those  grown  in  moister  coastal  regions  have  a 
distinct  neck,  green  skin,  and  violet -tinted  pulp.  Similarly,  second-crop  Mission 
figs,  in  the  interior  valleys,  are  smaller,  less  elongated,  and  sweeter  than  those 
grown  along  the  coast. 

DECIDUOUS  TREE  FRUITS 

The  climatic  adaptation  of  the  group  of  deciduous  tree  fruits 
including  apples,  pears,  peaches,  cherries,  plums,  and  apricots  is 
similar  for  the  entire  group  in  that  all  require  a  winter  dormant  period 
for  proper  development  and  fruit  production  and  therefore  are  limited 
to  temperate  regions  having  sufficient  winter  cold  to  break  the  natural 
rest  period.  In  their  distribution  northward  they  are  limited  by  the 
duration  and  intensity  of  winter  cold. 

Exposure  to   600-900  hours  below  45°  F.  is   necessary  to    fully 
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break  the  rest  period  of  the  commonly  grown  American  peach  varie- 
ties. Apples  apparently  require  about  the  same  amount  of  cold  as  the 
more  slowly  responding  varieties  of  peaches,  or  about  900  to  1,000 
hours  below  45°  (figs.  1  and  2).  Pears  derived  from  oriental  species 
have  a  relatively  short  cold  requirement,  while  varieties  of  European 
origin  require  about  the  same  amount  of  cold  as  peaches. 

If  the  trees  are  not  exposed  to  sufficient  cold,  the  buds  do  not 
open  in  the  spring.  With  most  fruits  the  blossom  buds  require  slightly 
less  cold  than  the  leaf  buds,  and  frequently  in  southern  latitudes 
blossom  buds  will  open  before  the  leaf  buds  begin  to  grow.  Unless 
the  leaf  system  develops  with  or  shortly  after  blossom  opening,  fruit 
fails  to  set  owing  to  lack  of  a  food  supply  from  the  leaves.  Insufficient 
winter  cold  to  break  the  rest  period  is  thev  most  important  limiting 
factor  in  the  growing  of  such  fruits  as  apples  in  those  parts  of  the 
United  States  within  150  miles  of  the  Gulf  of  Mexico.  Peaches  can  be 
grown  somewhat  farther  south,  while  pears  derived  from  Asiatic 
species  are  grown  even  farther  south  than  peaches.  Chandler  et  al. 
(13)  have  discussed  in  detail  the  chilling  requirement  for  these  fruits 
in  California. 

Low -Temperature  Injury 

While  lack  of  winter  cold  prevents  the  successful  culture  of  these  fruits  in 
tropical  and  subtropical  areas,  excessive  cold  is  destructive  in  the  colder  parts  of 
the  world. 

The  most  tender  part  of  the  tree  during  the  dormant  season  is  the  root  system. 
Experiments  indicate  that  the  roots  of  this  group  of  trees  may  be  injured  at  any- 
time they  reach  a  temperature  below  about  20°  F.  Temperatures  ranging  from 
15°  to  20°  have  been  found  to  injure  the  roots  of  apples  severely  {12,  37,  48).     It 
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Fna  kk  I.  \pples  require  considerable  winter  cold  to  break  the  rest  period  and  are 
not  well  adapted  whore  Bummer  temperatures  are  high.  Thus  few  apple  trees  are 
prown  within  200  miles  of  the  Gulf  coast.  Principal  centers  of  commercial  production 
are  south  and  east  of  lar«re  bodies  of  water,  as  in  Michigan  and  New  York,  or  east  of 
mountain  ranges  which  afford  some  protection  from  severe  cold.  Distribution  of 
apple  trees  of  bearing  age  as  of  April  1,  1930,  is  shown. 
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is  probable  that  the  range  of  root  injury  is  not  greatly  different  with  the  other 

spec. 

Fortunately  the  soil  protects  the  root  system  so  that  root  injury  actually  occurs 
rquentfy  than  injury  to  the  tops  of  trees.  A  grass  sod  or  a  heavy  cover 
crop  reduces  the  rate  of  cold  penetration,  and  a  heavy  snow  cover  is  generally 
sufficient  to  prevent  root  injury.  In  moderately  heavy  soils  that  are  well  sup- 
plied with  moisture,  penetration  of  cold  downward  is  mueh  less  rapid  than  in  more 
open,  drier  soils,  owing  to  the  release  of  heat  as  a  result  of  the  freezing  of  the  greater 
amount  of  water  present.  Root  injury  is  most  likely  to  be  serious  in  relatively 
open  soils  when  prolonged  periods  of  below-zero  weather  occur  with  relatively 
little  snow  or  other  cover  on  the  ground.  Under  these  conditions  root  injury 
may  be  severe  and  may  result  in  the  death  of  the  trees  even  though  the  tops  are 
not  directly  injured- 

The  tenderest  of  the  above-ground  portions  of  the  tree  is  generally  the  collar, 
or  crown  (the  portion  immediately  above  the  ground  line).  Very  frequently  the 
bark  in  this  region  is  killed  by  temperatures  that  do  not  injure  other  portions  (51). 
This  is  likely  to  occur  when  sharp  freezes  follow  periods  of  moderate  temperature. 
Such  hardy  fruits  as  apples  may  be  so  badly  injured  as  to  result  in  the  death  of 
the  tree  when  such  sharp  freezes  occur,  although  the  temperatures  do  not  go 
below  0:  F.  Peach  trees,  particularly  in  the  Southern  States,  may  be  injured 
by  temperatures  of  -  only  is  the  collar  particularly  subject  to  injury, 

but  temperatures  are  usually  lower  on  the  surface  of  the  ground  than  they  are  a 
few  feet  above. 

The  fruit   buds  are  usually  the  next   mo-  re.     Frequently  they  are 

killed  bv  low  winter  temperatures  that  do  not  injure  the  wood,  bark,  and  leaf 
- 

Fruits  of  this  group,  in  common  with  those  of  other  plants,  are  more  seriously 
injured  if  severe  freezing  weather  occurs  without  a  previous  period  of  hardening 
by  moderately  cold  weather.  Thus.  Bradford  and  Cardinell  (6*  state  that  the 
greatest  injury  to  fruit  trees  in  Michigan  since  the  establishment  of  the  fruit 
industry  there  occurred  as  the  result  of  a  freeze  in  October  1906,  when  the  tem- 
perature remained  well  above  zero.  The  trees  had  not  been  previously  exposed 
to  sufficient  cold  to  harden  them.  Similarly,  severe  freezes  even  during  mid- 
winter are  more  damaging  if  a  period  of  warm  weather  has  preceded  the  cokL 


Fk.lre  2. — Tne  peach  tree  thriven  well  under  higher  summer  temperature*  than 
the  apple,  require?  somewhat  less  cold  to  break  the  rest  period,  and  is  more  subject  to 
injury  from  k>%»  temperatr.r-  -  principal  centers  of  peach  production  are  south 

of  the  principal  center?  ol  apple  production.     Distribution  of  peach  trees  of  bearing 

I  1.  1930.  is  shown- 
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While  the  effects  of  any  freeze  will  vary  greatly,  depending  on  the  variet: 
preliminary  hardening,  some  generalizations  may  be  made  concerning  the  tem- 
peratures that  these  fruits  will  normally  stand  in  the  colder  parts  of  the  country 
when  thoroughly  hardened.  Thus  apples,  sour  cherries,  and  American  plum's 
under  these  conditions  usually  stand  temperatures  as  low  as  —  30c  F.  without 
severe  injury.  Pears,  sweet  cherries,  and  Japanese  and  European  plums  usually 
stand  —  20c.  Peaches  and  apricots  are  likely  to  be  severely  injured  by  a  tem- 
perature of  —  15=.  The  fruit  buds  of  all  of  these  fruits  may  be  injured  at  tempera- 
tures somewhat  above  the  limits  for  severe  tree  injury.  Fruit  buds  of  peaches 
particularly  are  frequently  killed  at  temperatures  of  — 10 r.  even  in  midw: 

Thus  the  location  of  commercial  plantings  in  the  northern  d>  freely 

determined  by  the  minimum  temperatures  the  trees  will  survive.     App; 
sour  cherries  can  be  grown  in  the  northern  part  of  the  E  States    particularly 

in  protected  locations.     Peaches,  pears,  and  European  plu:  ^ewhat  less 

hardy  and  are  grown  in  the  northern  sections  only  where  protected  by 
bodies  of  water  or  by  the  topography.     Xone  of  these  fruits  thrive  in  the  northern 
Great  Plains,  where  minimum  temperatures  below  —30-  F  :o  occur. 

With  the  onset  of  warmer  weather  and  the  beginning  of  growth,  ail  these  fruits 
become  less  resistant  to  low  temperatures.     They  differ  markedly  in  the 
amount  of     -  _     weather  required  the  vital  flower  pa 

Thus  apples  brought  into  greenhouses  when  dormant  but  with  period 

broken  and  maintained  at  a  uniform  temperature  of  about  70 :  F.  require  approxi- 
mately 25  days  before  the  blooms  open.     Blossoms  oi  most  peach  var 
similar  conditions  will  open  in  15  to  20  days.     With  apricots  and  some  va 
of  plums  an  even  shorter  period  is  reqiured.     This  factor  is  of  tremend 
portance  in  determining  the  susceptibility  of  these  fr  its       Be- 

cause the  apricot  requires  the  fewest  hours  of  warm  weather  t 
buds,  it  is  the  earliest  blooming  and  consequently  the  most  exposed  to  killins  by 
frost  of  the  blossoms  or  young  frui:-      C    rtain  plum  varieties  and  oriental  types 
of  pear  are  also  very  early  blooming.     Peach—    -  European  plums. 

sour  cherries,  and  apples  follow  in  that  order.     Thus  the  apple,  requiring  the 
greatest  amount  of  warm  weather  to  bring  it  into  bloom,  is  the  most  tiki 
escape  spring  freezing. 

The  actual  temperatures  that  will  cause  injury  to  the  blossoms  of  these  fruits 
are  apparently  not  significantly  different.  Any  temperature  sufficiently  low  to 
cause  appreciable  ice  formation  in  the  pistil  of  the  blossom,  the  part  that  ulti- 
mately develops  into  the  fruit,  apparently  results  in  killing. 

The  following  data  on  the  relation  of  -     -  development  in  apple  buds  to 

temperatures  causing  killing  of  a  portion  of  the  blossoms  are  from  Ellison  and 
Close 

7-  ■JWftMM 

-i      -    :,       ■-  ,-■     - 


Stage  of  development  of  fruit  buds: 

Buds  breaking,  "gree:-  0-10 

Buds  packed  in  cluster,  ''delayed  dormant" 

Buds  separated  in  cluster,  "pre-pink" 

Center  bud  pink— others  no  color .      _ 

All  buds  showing  color- — "pink  stage' " 

Center  bud  open,  others  "balloo  _■    _~ 

All  buds  full  open 

P~-als  fallen _"    H 

Small  green  fruits J 

Moisture  REQUIREME^  rs 


For  best  growth  conditions  and  production,  all  of  the  fruits  in  this  £ 
require  ample  available  moisture  in  the  soil  of  their  root  zone  throughout  the 
growing  season.  Since  the  trees  develop  large  leaf  areas,  the  total  water  require- 
ment is  relatively  high.  A  minimum  of  30  inches  of  precipitation,  or  a  combina- 
tion of  precipitation  and  irrigation,  should  be  available  in  any  part  of  the  United 
States  where  commercial  culture  is  attempted.  Somewhat  larger  quantities  of 
water  are  essential  in  the  hotter  and  drier  regioi is 

Under  natural  rainfall,  where  prolonged  p*  aited  rainfall  may 

it  is  particularly  important  to  select  soils  that  will  retain  a  large  amount  of  avail- 
able water  to  carry  the  trees  through  periods  of  drought. 
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Fruits  that  ripen  early,  such  as  cherries  and  apricots,  apparently  can  be  grown 
with  somewhat  less  water  than  late-maturing  kinds  such  as  late  peaches,  apples, 
and  pears.     Some  of  the  American-type  plums  also  are  highly  drought-resistant. 

Light  Conditions 

It  is  not  known  that  any  of  the  deciduous  fruits  considered  here  respond  to 
specific  light  durations  for  the  initiation  of  fruitfulness,  as  is  true  of  many  other 
plant  species.  All  of  them  appear  to  develop  and  function  best  under  conditions 
of  relatively  high  light  intensity.  Thus  in  the  Western  States,  under  irrigation 
and  with  high  light  intensities  the  production  of  fruits  is  relatively  greater  than 
under  eastern  conditions.  The  work  of  Heinicke  and  Childers  (29)  has  shown 
that  in  apple,  maximum  photosynthesis  (manufacture  of  carbohydrates)  is  corre- 
lated with  maximum  light  intensity — at  least  under  New  York  conditions.  Thus 
the  areas  of  most  intense  light,  other  factors  being  equal,  seem  to  be  preferable  for 
apples  and  probably  for  the  other  fruits  of  this  group. 

Summer  Temperatures 

All  these  fruits  will  thrive  under  widely  fluctuating  summer  temperatures. 
However,  it  is  possible  to  make  some  generalizations  concerning  the  conditions 
under  which  the  highest  production  and  best  quality  of  fruit  are  secured. 

Sour  cherries  appear  to  be  adapted  to  cooler  summer  temperatures  than  the 
other  fruits  of  the  group.  The  main  centers  of  sour  cherry  production  in  the 
United  States  are  where  the  June,  Julv,  and  August  mean  temperatures  are 
about  65°  F. 

The  principal  areas  for  apple  production  and  the  areas  in  which  the  apple  seems 
to  thrive  best  have  mean  temperatures  for  these  months  of  65°  to  75°  F.  Areas 
in  which  the  mean  temperatures  range  above  75°  appear  to  be  poorly  adapted  to 
apple  production  (8).  The  best  pear  districts  in  the  Western  States  appear  to 
have  temperatures  slightly  higher  than  those  found  best  for  apples.  With  certain 
varieties  of  pears,  at  least,  the  best  dessert  and  storage  quality  is  secured  where 
the  temperatures  are  relatively  high  during  the  growing  season. 

Peaches,  on  the  whole,  seem  well  adapted  to  somewhat  warmer  conditions 
than  apples.  Peaches  grown  where  mean  summer  temperatures  are  as  low  as 
65°  F.  usually  are  not  of  so  high  a  quality  as  those  grown  at  warmer  temperatures. 
On  the  other  hand,  excellent  peach  production  and  quality  are  secured  in  some 
sections  having  mean  summer  temperatures  above  75°.  Most  of  the  present 
cling  peach  production  in  California  is  in  sections  having  high  growing-season 
temperatures. 

Relation  of  Climatic  Conditions  to  Diseases 

The  fungus-  and  bacterial-disease  problem  is  very  serious  with  all  of  these 
fruits  and  is  closely  correlated  with  weather  conditions.  In  the  parts  of  the 
country  having  wet  growing  seasons,  control  of  diseases  requires  expensive  spray 
treatments  and  in  some  cases  is  so  difficult  as  to  make  the  growing  of  some  of  the 
fruits  impracticable. 

Apple  scab,  the  most  serious  disease  of  apples,  is  a  relatively  low-temperature 
fungus  that  thrives  in  orchards  under  conditions  of  ample  precipitation  while  tem- 
peratures are  under  about  70°  F.  Thus  in  the  southern  apple-growing  districts,  con- 
trol of  apple  scab  is  primarily  a  spring  and  early-summer  problem,  while  in  northern 
districts  scab  may  spread  throughout  the  growing  season.  Apple  scab  is  practi- 
cally unknown  in  the  western  irrigated  districts  where  little  spring  or  summer 
rainfall  occurs.  Other  diseases  of  apples,  particularly  bitter  rot,  are  high-temper- 
ature fungus  diseases  that  are  prevalent  only  in  the  southern  part  of  the  Apple 
Belt,  where  temperatures  are  high  and  rainfall  is  likely  to  be  abundant.  In  pears, 
the  bacterial  disease,  fire  blight,  is  correlated  with  both  temperature  and  rainfall 
conditions.  It  attacks  the  trees  primarily  while  they  are  in  an  actively  growing 
condition  and  while  spring  temperatures  are  high.  In  areas  where  high  spring 
temperatures  are  coupled  with  much  rainfall,  fire  blight  is  so  severe  that  suscep- 
tible varieties  of  pears  cannot  be  grown.  Thus  in  the  United  States,  culture  of 
the  more  blight-susceptible  pear  varieties  is  limited  to  dry  sections  in  the  Western 
States  and  to  sections  in  the  Eastern  States  having  a  very  cool  spring.  The 
absence  of  rainfall  in  the  Western  States  does  not  prevent  blight  infection  in  the 
trees,  but  dry  conditions  tend  to  reduce  the  rate  of  spread. 
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With  peaches,  such  diseases  as  brown  rot  and  scab  are  important  only  in  sections 
of  the  country  where  rainfall  is  prevalent  during  the  spring  or  summer.'  The  most 
serious  disease  of  sour  cherries,  caused  by  the  leaf-spot  fungus,  is  also  dependent 
upon  moisture  supply  for  its  spread.  Thus  in  general,  in  sections  having  dry 
summers  and  water  supplied  by  irrigation  instead  of  rainfall,  fungus  and  bacterial 
diseases  are  of  minor  importance  in  the  growth  of  these  crops,  whereas  they 
constitute  a  major  problem  in  sections  having  abundant  spring  and  summer 
rainfall. 

GRAPES 

Most  of  the  grape  production  of  the  world  consists  of  varieties  derived  from  the 
species  Vitis  vinifera,  often  spoken  of  in  the  United  States  as  Old  World  grapes  or 
California  grapes.  In  this  country  the  vinifera  varieties  are  grown  mainly  in 
California  and  to  a  limited  extent  in  other  Western  States  (33)  (fig.  3). 

Since  grapes  of  this  species  require  a  short  rest  period,  few  are  grown  within 
20°  of  latitude  north  or  south  of  the  Equator.  4s  they  are  in  general  very  sus- 
ceptible to  fungus  diseases,  the  principal  producing  areas  are  characterized  by 
relatively  dry  growing  seasons.  Where  grapes  are  produced  for  raisins,  it  is  par- 
ticularly important  that  the  ripening  season  be  dry  and  relatively  hot,  to  facili- 
tate the  drying  of  the  fruit.  Most  varieties  are  likely  to  be  injured  by  tempera- 
tures appreciably  below  0°  F.,  even  during  the  dormant  season,  though  some 
varieties  selected  for  hardiness  will  stand  somewhat  lower  winter  temperatures. 
Spring  frosts  are  a  hazard,  as  with  other  deciduous  fruits,  and  growth  and  blos- 
som buds  are  injured  in  the  spring  by  about  the  same  temperatures  found  injuri- 
ous to  peaches.  These  grapes  will  thrive  well  where  summer  temperatures  are 
frequently  above  100°. 

In  the  more  humid  parts  of  the  United  States,  varieties  developed  from  native 
American  grapes,  either  alone  or  by  hybridization  with  the  vinifera  varieties,  are 
grown.  These  in  general  will  withstand  lower  winter  temperatures  than  vinifera 
varieties  and  are  less  susceptible  to  fungus  diseases.  Such  varieties  as  Concord 
will  endure  temperatures  that  kill  peach  trees;  they  approach  apples  in  hardiness. 
The  most  cold-resistant  grapes  will  stand  as  low  temperatures  as  will  apples. 


Figure  3. — Most  of  the  grapes  of  the  United  States  are  grown  in  California  and  are 
of  varieties  largely  imported  from  the  Old  World.  These  varieties  are  susceptible  to 
fungus  diseases  and  to  winter  injury  in  the  colder  and  more  humid  parts  of  llie  country. 
In  other  areas  varieties  derived  wholly  or  in  part  from  native  American  species, 
which  are  more  reaistanl  to  cold  and  to  fungus  aueases,  are  crown.  Distribution  of 
grapevines  of  all  ages  as  of  April  1,  1930,  is  shown. 
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In  the  Southeastern  States, 
species,  are  grown  extensively. 


arieties  derived  from  Vitis  rotundifolia,  a  native 
These  so-called  muscadine  varieties  are  highly 
resistant  to  fungus  diseases  and  can  be  grown  with  little  spraying  in  very  humid 
climates.  They  are  not  very  resistant  to  winter  cold  and  are  not  grown  where 
temperatures  frequently  fall  below  0°  F.  They  require  a  long,  warm  growing 
season  to  mature  the  crop. 

All  of  the  grapes  are  fairly  resistant  to  drought  conditions,  as  compared  with 
most  tree  fruits.  The  highest  quality  of  fruit  is  associated  with  abundant  sun- 
shine during  the  growing  season  (7). 

SMALL  FRUITS 
Strawberries 

Strawberries  are  among  the  most  widely  adapted  of  the  fruit  crops  (fig.  4) .  Vari- 
eties have  been  selected  that  can  be  grown  in  at  least  the  higher  elevations  in  the 
Tropics,  and  others  are  grown  in  northern  latitudes  where  very  severe  winter 
conditions  prevail.  Notwithstanding  the  fact  that  strawberries  can  be  grown  as 
far  north  as  most  fruits,  they  are  not  truly  hardy  in  the  sense  that  the  plant  parts 
withstand  very  low  temperatures.  As  grown  in  cold  climates,  the  vital  plant 
parts  during  the  winter  season  are  at  or  below  the  ground  level,  where  they 
receive  the  maximum  protection  from  snow  or  other  cover.  Without  such  pro- 
tection, the  plants  are  very  susceptible  to  winter  killing.  In  commercial  pro- 
duction, the  practice  of  heavy  mulching  with  straw  or  similar  material  is  fol- 
lowed in  the  cold  regions  to  insure  protection  if  the  snow  cover  fails. 

In  the  United  States,  varieties  for  the  most  southern  latitudes  differ  in  their 
growth  response  from  those  adapted  to  severe  winters.  The  principal  fruiting  in 
the  most  southerly  regions  of  strawberry  production  in  the  United  States  occurs 
during  the  winter  and  early  spring  months.  Varieties  adapted  there  must  grow, 
flower,  and  fruit  during  the  relatively  short,  cool  days  of  winter.  With  the  Mis- 
sionary, the  principal  variety  in  Florida,  fruiting  is  continuous  throughout  the 
winter  and  spring  months.     Little  if  any  rest  period  is  required  by  this  variety. 


TT 


Figure  4. — Although  strawberries  are  grown  to  a  limited  extent  in  every  State  in  the 
L  nion,  the  principal  centers  of  production  are  in  the  milder  climates  of  the  Southeastern 
States  and  along  the  Pacific  coast.  North  of  the  Ohio  and  Potomac  Rivers  the  plants 
are  commonly  covered  with  mulch  during  the  winter  months  to  give  added  protection, 
the  depth  of  mulch  applied  being  increased  toward  the  north.     Total  acreage  for  1929 

is  shown. 
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Where  winters  are  somewhat  more  severe,  with  a  period  not  too  cold  for  plant 
growth  but  too  cold  for  fruit  production,  other  varieties  are  better  adapted. 
Thus,  north  of  the  Missionary  belt  such  varieties  as  Klondike  and  Blakemore, 
requiring  a  slightly  longer  rest  period,  are  grown. 

While  relatively  hardy  varieties  are  available  for  still  more  northern  latitudes, 
protection  during  the  winter  months  is  necessary  for  successful  production.  Thus, 
light  mulching  with  straw  or  similar  material  is  desirable  in  the  middle  latitudes 
of  the  United  States.  The  amount  of  mulch  that  must  be  used  increases  in  the 
more  severe  climates  until  the  plants  are  covered  several  inches  deep  along  the 
northern  borders  of  the  United  States.  The  crown  of  the  strawberry  plant,  from 
which  the  spring  growth  develops,  may  be  killed  or  injured  in  even  the  hardiest 
varieties  if  its  temperature  falls  as  low  as  10c  F.  In  view  of  the  fact  that  tem- 
peratures at  the  ground  level  may  be  several  degrees  colder  than  at  a  few  feet 
above  the  ground,  the  necessity  for  protection  can  be  readily  realized. 

Most  strawberry  varieties  are  short-day  plants  in  that  the  fruit  buds  are 
initiated  while  the  days  are  of  medium  or  below-medium  length  \18,  19).  In 
northern  latitudes  this  occurs  in  September  and  early  October,  and  all  fruit  buds 
are  formed  at  that  season.  In  southern  latitudes  also  fruit-bud  formation  takes 
place  in  the  fall,  but  growth  may  be  resumed  sufficiently  early  in  the  spring  to 
have  additional  fruit-bud  formation  during  the  first  relatively  short  days:  thus 
the  early  crop  is  produced  from  fruit  buds  formed  in  the  fall,  while  the  somewhat 
later  crop  is  produced  from  spring-formed  buds.  This  results  in  a  much  longer 
fruit-ripening  period  in  such  areas  as  the  Carolinas  and  Louisiana  than  in  the 
more  northerly  latitudes,  where  spring  fruit-bud  formation  does  not  occur. 

Under  the  moist  humid  conditions  of  the  Eastern  States,  the  varieties  grown 
must  be  resistant  to  fungus  diseases.  In  the  drier  regions  of  the  Pacific  Coast 
States,  this  is  less  important,  and  also  in  this  milder  climate,  winter  mulching  is 
not  commonly  practiced. 

In  all  parts  of  the  country,  susceptibility  of  the  blossoms  to  spring  frost  injury 
may  result  in  severe  losses.  The  open  blossoms  will  withstand  temperatures  only 
slightly  below  freezing,  and  because  of  the  low  growth  habit  of  the  plant  they 
are  very  subject  to  frost  injury.  Partly  grown  berries  are  much  more  resistant 
to  low  temperatures  than  are  the  newly  opened  blossoms. 

The  strawberry  is  a  relatively  shallow-rooted  crop  and  very  subject  to  injury 
from  an  insufficient  moisture  supply.  If  drought  occurs  before  the  crop  matures, 
total  production  will  be  seriously  curtailed.  Dry  weather  during  midsummer 
interferes  with  the  production  of  runner  plants,  but  unless  it  is  so  severe  as  to 
result  in  the  death  of  the  plants  or  severely  restrict  runner-plant  production,  it 
apparently  does  not  seriously  damage  the  production  for  the  following  season. 
It  is  extremely  important,  however,  that  ample  moisture  and  good  growing  condi- 
tions be  present  during  the  fall  season,  when  fruit-bud  formation  for  the  following 
year  occurs:  otherwise  production  will  be  greatly  reduced. 

A  few  varieties — the  everbearers — have  been  selected  that  will  develop  flower 
buds  and  fruit  in  the  relatively  long  days  of  midsummer  in  the  more  northerly 
latitudes.  If  the  spring  crop  is  removed  by  pinching  off  the  blossoms,  these 
varieties  will  grow  and  fruit  in  the  long  days  of  midsummer  and  late  summer. 

Thus  there  are  strawberry  varieties  that  are  adapted  to  a  wide  range  of  cli- 
matic conditions,  extending  from  the  equable  temperature  and  day  length  of  the 
Tropics  to  the  extreme  cold  of  the  northern  latitudes. 

Raspberries 

Raspberries  are  best  adapted  to  parts  of  the  United  States  with  relatively  cool 
summers.  Under  the  hot,  humid  conditions  of  the  Southeastern  States,  they  are 
subject  to  leaf  and  cane  diseases,  which  make  commercial  production  difficult  if 
not  impracticable.  Although  the  raspberry  apparently  requires  about  as  much 
winter  rest  as  do  most  of  the  deciduous  tree  fruits,  it  is  the  prevalence  of  disease 
rather  than  lack  of  winter  cold  that  limits  its  production  southward  in  the  eastern 
part  of  the  United  States. 

Of  the  two  types  of  raspberries,  the  red  varieties  will  stand  somewhat  more 
severe  winter  conditions  than  will  the  black.  Black  raspberries  are  hardy  in  the 
Northeastern  States  but  are  frequently  winter-killed  in  the  upper  Mississippi 
Valley,  where  some  red  varieties  will  survive.  Where  temperatures  are  very  low, 
production  is  made  possible  by  laying  down  the  canes  and  covering  them  during 
the  winter  months. 
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Blackberries  and  Dewberries 

The  cultivated  blackberries  and  dewberries  are  derived  from  a  number  of 
different  species  and  consequently  they  show  a  wide  range  of  adaptation.  Va- 
rieties have  been  selected  that  thrive  satisfactorily  under  the  warm,  humid  sum- 
mer conditions  of  the  Gulf  States,  while  others  are  too  susceptible  to  fungus 
diseases  to  be  grown  in  that  section.  In  general  the  blackberries  are  less  resistant 
to  winter  cold  than  are  raspberries.  Even  the  hardiest,  such  as  Eldorado  and 
Snyder,  do  not  endure  continued  cold  much  below  0°  F.,  and  may  be  killed  by 
relatively  short  exposures  to  temperatures  of  —20°  to  —30°.  For  this  reason  and 
because  of  greater  tolerance  of  warm,  humid  conditions,  the  principal  blackberry 
regions  of  the  Eastern  States  are  south  of  the  principal  raspberry  areas.  Many 
varieties  thrive  well  under  the  cool  and  relatively  equable  climatic  conditions  of 
the  Pacific  Coast  States. 

Currants  and  Gooseberries 

Currants  and  gooseberries  are  very  resistant  to  low  winter  temperatures  but 
susceptible  to  leaf  and  cane  diseases  under  warm,  humid  summer  conditions. 
They  are  hardy  throughout  the  northern  part  of  the  United  States  and  well  into 
Canada,  but  are  little  grown  south  and  west  of  the  Potomac  and  Ohio  Rivers. 

Cranberries 

The  cranberry  plant  is  evergreen,  and  in  common  with  other  evergreen  fruit 
plants  it  is  not  truly  hardy,  although  it  is  grown  commercially  in  such  northern 
districts  as  Massachusetts  and  Wisconsin.  The  plant  is  a  native  of  swamp  areas 
and  stands  submergence  under  water  for  long  periods  without  injury.  These 
conditions  are  simulated  under  commercial  culture,  the  plants  being  grown  on 
bog  fields  so  arranged  that  they  can  be  covered  with  water  during  the  winter 
months.  Although  ice  may  freeze  deeply  over  the  fields,  the  temperatures  to 
which  the  plants  are  exposed  are  not  severe.  The  cranberry  thrives  best  where 
the  summers  are  relatively  cool.  Fungus  diseases  are  more  serious  in  the  warmer 
areas.  Cranberries  are  not  grown  commercially  south  of  New  Jersey  both 
because  of  their  poor  adaptation  to  warm  conditions  and  the  fact  that  bog  areas 
are  limited  in  hotter  climates. 

Blueberries 

The  common  cultivated  blueberries  are  derived  chiefly  from  the  high-bush 
swamp  species.  Their  northern  limit  is  determined  by  low  winter  temperatures. 
They  are  not  hardy  in  northern  Michigan  and  northern  New  England,  resembling 
the  peach  in  resistance  to  winter  cold.  The  range  southward  is  determined  by 
their  need  for  a  certain  degree  of  winter  cold.  Apparently  they  are  poorly  adapted 
south  of  the  Piedmont  region  in  Georgia.  They  thrive  well  under  relatively  cool, 
moist  summer  conditions. 

The  rabbiteye  group  of  high-bush  blueberries  is  native  to  northern  Florida  and 
southern  Georgia.  Varieties  of  this  species  require  a  very  short  period  of  winter 
cold.  They  grow  vigorously  in  the  hot  summers  of  the  Southern  States.  Their 
cold  hardiness  is  not  well  known,  but  they  are  probably  not  hardy  north  of  the 
Potomac  River. 

NUT  CROPS 

Three  of  the  important  nut  crops  of  the  world — coconut,  Brazil 
nut,  and  cashew — appear  to  be  strictly  tropical  in  their  climatic 
requirements.  The  most  important  of  these,  the  coconut,  is  believed 
to  have  originated  in  the  American  Tropics,  but  it  was  distributed 
throughout  the  tropical  regions  of  the  world  prior  to  the  exploration  of 
these  regions  by  white  men.  It  appears  to  be  adapted  only  to  regions 
having  a  mean  yearly  temperature  above  70°  F.,  with  no  freezing  at 
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any  time.  An  equable  temperature  throughout  the  year  and  at  least 
40  inches  of  well-distributed  rainfall — except  in  locations  where  the 
roots  can  reach  subterranean  water — appears  necessary  for  its  best 
development  (3).  Plantings  have  been  made  largely  near  coasts  in 
practically  all  tropical  countries  of  the  world. 

The  Brazil  nut  is  native  in  the  river  valleys  of  tropical  South  Amer- 
ica, particularly  those  of  the  Amazon  and  its  tributaries.  Practically 
all  of  the  Brazil  nuts  of  commerce  come  from  native  trees,  and  to  date 
the  nut  has  not  been  cultivated  to  an  appreciable  extent  either  in 
South  America  or  in  other  tropical  countries.  Cultivation  would 
appear  possible  in  regions  adapted  to  the  banana,  but  because  of  the 
slowness  of  the  trees  to  come  into  production  and  the  rather  limited 
production  per  tree,  the  growing  of  the  Brazil  nut  as  a  horticultural 
crop  has  not  been  encouraging. 

The  cashew  nut,  also  native  to  tropical  America,  has  been  grown 
mainly  hi  the  tropical  parts  of  India.  In  common  with  the  Brazil 
nut,  it  is  limited  to  strictly  tropical  conditions.  With  improved  meth- 
ods of  handling  the  nut  kernels  its  popularity  in  world  commerce  has 
increased  greatly  in  recent  years,  although  its  culture  has  not  yet 
spread  widely  through  the  Tropics,  mainly  because  of  difficulty 
in  shelling. 

There  are  no  important  nut  crops  that  would  be  considered  subtropi- 
cal in  their  adaptation.  The  principal  nut  crops  of  the  world  fall  into 
two  classes — tropical  and  hardy  or  semihardy. 

Deciduous  Hardy  or  Semihardy  Nut  Crops 

The  most  important  nut  crops  in  the  deciduous  or  semihardy  group 
include  the  walnuts,  pecans,  chestnuts,  almonds,  and  filberts.  All  are 
produced  on  deciduous  trees,  in  contrast  to  the  evergreens  on  which 
tropical  nuts  are  produced,  and  require  some  whiter  cold  for  the  best 
development.  They  vary  widely  both  in  the  amount  of  winter  cold 
required  to  break  their  rest  period  and  in  the  minimum  whiter  temper- 
ature they  will  endure. 

The  growth  hi  size  of  all  the  nuts  is  normally  completed  fairly 
early  in  the  summer,  while  the  latter  part  of  the  growing  season  is  the 
period  of  filling,  or  kernel  development.  Thus  a  water  shortage  in  the 
first  half  of  the  season  will  be  reflected  in  small-sized  nuts,  and  a 
water  shortage,  defoliation,  or  other  unfavorable  factors  during  the 
latter  part  of  the  season  result  in  poor  filling. 

Pecans 

The  pecan  is  native  to  the  southern  part  of  the  United  States  and  northern 
Mexico,  the  native  habitat  ranging  from  the  Mississippi  Valley  to  west  Texas 
and  north  to  Missouri,  southern  Illinois,  and  Indiana.  The  cultivated  varieties 
have  been  developed  largely  from  selected  seedlings  found  in  the  wild  or  in  planted 
seedling  groves.  About  two-thirds  of  the  pre-ent  crop  in  the  United  States  is 
derived  from  native  seedling  trees  and  about  one-third  from  the  improved  culti- 
vated varieties.  The  pecan  is  not  grown  commercially  outside  the  United  States 
though  test  plantings  have  been  made  in  several  countries.  Native  nuts  are 
harvested  in  Mexico. 

Most  of  the  pecans  in  the  United  States  are  grown  where  there  is  a  season  of 
more  than  200  frost-free  days.  A  long  hot  growing  reason  is  necessary  for  matur- 
ing the  nut.  Though  the  tr<-<-  appear  hardy  in  such  northern  latitudes  as  Ww 
York  and  Michigan,  no  nuts  are  matured  on  trees  in  these  locations. 
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The  pecan  apparently  requires  a  smaller  amount  of  winter  cold  than  most 
deciduous  fruits.  Thus  pecans  can  be  grown  successfully  along  the  Gulf  coast 
from  northern   Honda  to  Texas.     In  i  .  _       -   immediately  adjacent  to  the 

Gulf,  however,  spring  growth  does  not  start  as  early  as  somewhat  farther  north — 
an  indication  that  in  that  area  the  amount  of  winter  cold  is  about  the  minimum 
required. 

The  pecan  is  more  resistant  to  fungus  diseases  than  such  other  nut  trees  as  the 
Persian  walnut  and  the  filbert.  Under  the  humid  conditions  prevailing  in  the 
Southeast*,  i  I  -owever.  fungicide  spraying  to  protect  the  foliage  is  generally 

necessary.  In  the  drier  western  districts  fungus  diseases  are  much  less  serious. 
Because  of  the  long  growing  season  and  the  large  folia*  -  -  ..  the  pecan  is  a 
heavy  user  of  water.  In  Texas  it  is  normally  found  along  streams  where  the  root 
system  can  tap  subsurface  water  supplies.     Under  "0  inches  of 

a  year  in  well-distributed  rainfall,  or  a  similar  amount  applied  as  irrigation, 
appears  desirable  for  a  mature  orchard. 

IT  atnuta 

ugh  several  types  of  walnut  ai  rood  in  different  parts  of  the  world, 

the  Persian,  or  so-called  English,  walnut  is  the  type  principally  cultivated.  In 
the  United  States,  production  is  mainly  in  California  and  Oregon.  There  is  exten- 
sive production  in  practically  all  of  the  countries  surrounding  the  Mediterranean 
Sea.  Varieties  of  the  Persian  walnut  vary  greatly  in  their  cold  requirement  and 
the  minimum  temperatures  they  will  stand.  The  hardier  varieties,  when 
well  hardened,  will  stand  temperatures  of  — 10"  to  —  15*  F.  Growth  starts  early 
in  the  spring,  and  spring  frosts,  where  prevalent,  are  a  serious  hazard.  In  humid 
climates  the  trees  seem  very  susceptible  to  fungus  diseases,  so  that  the  culture  of 
the  nut  outside  of  areas  having  dry  summer  climates  has  not  been  successful. 

The  Persian  walnut  rec  -  ierable  winter  cold  to  break  the  rest  period 

Certain  varieties  as  much  cold  as  apples,  or  even  more;  others 

require  less  cold  than  peaches.     In  the  coastal  d  California 

production  is  frequently  curtailed  b  ack  of  guff  sold.     Vari- 

eties requiring  the  least  cold  have  been  planted  in  the  area,  and  even  these  some- 
times have  very  late  and  prolonged  _         -  >ns. 

high  summer  temperatures  are  1:  I  injurious  (4)-     The  nuts  may 

be  sunburned  and  the  meats  darkened  when  they  are  exposed  to  temperatures 
much  above  100c  F.     Thus  the  cro;  ^pted  to  regions  having  a  moderate- 

to-cool  but  dry  summer  climate.  Abundant  moisture,  however,  particularly 
during  the  latter  part  of  the  growing  season  sary  for  the  best  filling  of 

the  d 

The  black,  or  American,  walnut  is  a  native  tree  in  the  United  States  and 
apparently  is  well  adapted  to  all  parts  of  the  country  except  the  coldest  and  the 
southernmost  areas.  Though  many  nuts  are  gathered,  cracked,  and  sold,  com- 
mercial culture  _    _.  >le. 

Almonds 

-  quite  similar  to  the  apr;  .imatic  requirements.     Only  a 

limited  amount  of  winter  cold  is  n^     »  :  break  the  rest  period.     Because  of 

the  short  r  -  and  the  fact  that  a  relatively  I  ^at-unit  requirement 

ring  the  trees  into  bloom,  the  aim-:  >f  the  earliest  bloom- 

-  he  fruit  and  nut  trees.     Th?>  to  damage  in  sections 

of  the  country  where  moderately  la*  b  character- 

mited  the  commercial  pi  States         California, 

planting 

.ding  the  Mediterranean  Sea. 
Ample  n  -'ae  almond  as  for  other  nut  crops  for  maxi- 

mum and  lar_  since  the  trees  will 

survive  and  produce  some  nuts  with  a  limited  amount  of  moisture,  they  have 
been  planted  in  many  areas  where  water  supplies  are  insufficient  for  other  fruit 
and  nut  crops. 
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Filberts 

Commercial  filbert  production  was  formerly  confined  mainly  to  the  Mediter- 
ranean countries,  although  production  in  Europe  occurs  northward  as  far  as  Eng- 
land. During  the  past  20  years  extensive  filbert  plantings  have  been  made  in 
western  Oregon  and  western  Washington,  where  conditions  are  apparently 
favorable  for  the  European-type  filbert  (36,  54)- 

The  filbert,  in  common  with  the  walnut  and  the  almond,  seems  best  adapted 
to  regions  having  a  relatively  dry  growing  season  with  only  moderate  summer 
temperatures.  The  trees  of  European  varieties  will  apparently  withstand  tem- 
peratures down  to  — 10°  to  — 15°  F.  without  serious  injury.  Very  severe  freezes 
in  the  late  winter  are  likely  to  kill  the  catkins  or  the  pistillate  flowers,  which 
results  in  poor  sets  of  nuts,  but  ordinary  frosts  rarely  cause  injury.  Many  of  the 
European  varieties  are  grown  as  garden  plants  in  the  Eastern  States,  but  produc- 
tiveness has  not  been  sufficiently  high  to  warrant  commercial  planting.  Trees 
may  be  injured  bv  severe  winter  temperatures  \n  the  middle  latitudes  of  the 
East. 

Chestnuts 

The  extensive  chestnut  forests  formerly  found  in  the  eastern  part  of  the  United 
States  have  been  largely  killed  by  the  fungus  disease  known  as  chestnut 
blight.  The  European  chestnut  is  widely  grown  in  the  Mediterranean  countries, 
where  its  climatic  requirements  are  apparently  similar  to  those  of  the  Persian 
walnut.  The  oriental  chestnuts,  from  China,  are  being  widely  tested  in  the 
United  States.  Their  climatic  requirements  appear  to  be  similar  to  those  of  the 
black  walnut,  except  that  their  range  is  farther  south.  Thus  they  should  be 
adapted  to  many  areas  in  the  Eastern  States  as  well  as  on  the  Pacific  coast. 
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Climatic  Relations  of 
Sugarcane  and  Sugar  Beet 
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By  E.  W.  Be axdes  and  G.  H.  C 

THOL  GH  it  i-  not  possible  to  change  the  climate  to  fit  the 
plant,  it  is  often  possible  to  change  the  plant  to  fit  the  climate. 
The  Indians  did  this  with  corn  over  a  period  of  many  thousand 
years.  Th^  plant  breeder  of  today  telescopes  i\\r  process  into 
a  few  year-  -imply  because  die  systematic  and  precise  methods 
of  modern  science  enable  him  to  find  out  quickly  just  what 
needs   to  be  done   and   what   material   there   is   to  do  it   with. 

ben  m  thi-  more  evident  than  in  the  breeding  irork  with 
sugarcane    and    sugar    beet,    which    ha-    accompashed    -trikini: 

ts  in  recent  vear-. 


jprtiWM.  Bureau  of  Plant  Indu- 
-41 H  |2] 


422     •      Yearbook  oj  Agriculture,  1941 

In  this  discussion  of  the  influence  of  climate  upon  sugarcane  and 
sugar  beet  an  attempt  will  be  made  to  deal  with  these  crop  plants  as 
dynamic  entities,  capable  of  much  variation,  rather  than  as  static  things 
fixed  forever  in  certain  forms.  In  the  field  of  biological  research 
directional  breeding  seeks  to  produce  sorts  that  are  improved  because 
they  fit  the  environment  instead  of  succumbing  to  it.  The  fruitful- 
ness  of  specific  efforts  in  this  direction  may  be  gaged  in  advance  by 
taking  into  account  the  geographical  range,  the  behavior,  and  the 
reactions  not  only  of  all  the  cultivated  forms  of  the  species  but  also  of 
those  close  botanical  allies  with  which  the  plant  types  in  question  can 
be  made  to  intercross.  In  other  words,  the  gene  complement  of  both 
the  species  and  the  genus  represents  the  major  entity  wnose  response 
to  climate  and  other  factors  must,  in  the  long  view,  be  considered. 

Examples  will  be  given  for  both  sugarcane  and  sugar  beet  to  illus- 
trate how  advances  may  be  made  within  the  inherent  limits  imposed 
by  the  species.  Apparent  obstacles  imposed  by  some  phase  of  climate 
may  be  surmounted  by  revolution  in  the  strains  grown.  However, 
there  must  exist  with  the  stock  from  which  the  crop  plant  arose 
intercrossable  forms  suited  to  the  climatic  conditions  for  which  adap- 
tation is  desired. 

The  effects  of  the  changing  pattern  in  the  crop  plants  themselves,  as 
well  as  in  their  culture,  may  be  far  reaching.  Conclusions  drawn  at 
any  one  period  as  to  the  reaction  to  climatic  factors  and  the  relation 
of  a  plant  to  an  environment  necessarily  will  be  subject  to  rather  broad 
revision  as  the  orbits  of  adaptation  of  the  plants  are  widened. 

SUGARCANE 

World  Distribution 

Setting  out  on  a  study  trip  to  visit  the  numerous  parts  of  the  world 
where  sugarcane  is  produced,  a  traveler  will  encounter  variations 
seemingly  not  much  short  of  extreme  in  the  temperature,  moisture, 
and  light  conditions  in  the  different  countries  and  also  in  the  natural 
plant  cover.  Farmers  of  all  races  engage  in  sugarcane  husbandry  in 
more  than  50  countries  having  modern  mills  for  sugar  manufacture 
and  in  many  others  where  sugarcane  is  important  for  food  but  is  not 
processed  into  refined  sugar.  The  countries  encircle  the  globe  and 
range  from  about  40°  north  latitude  to  32°  south  latitude  (fig.  1), 
encompassing  more  than  half  the  earth's  surface  and  an  even  greater 
proportion  of  the  habitable  land  surface. 

Starting  west  around  the  earth  at  the  Equator  in  the  western 
Pacific  islands,  without  going  10°  north  or  10°  south,  the  traveler 
will  first  find  large-scale  sugarcane  industries  in  the  coastal  plain  low- 
land and  low  valleys  of  the  great  Malay  Archipelago  jutting  south- 
east from  Asia.  Most  of  this  area  may  be  described  as  having  a 
tropical  rain-forest  climate.  Cane  grows  almost  everywhere  in  the 
entire  region,  but  no  large  commercial  industries  are  centered  there 
except  where  there  is  a  brief  annual  respite  from  the  rains.  The 
same  belt  in  Africa  is  unimportant  for  sugar  production,  although 
a  few  cane  mills  are  found  in  Uganda  and  Kenya  at  high  elevations 
and  one  in  the  Belgian  Congo.  In  equatorial  South  America  the 
departure  from  tropical  rain-forest  conditions  reaches  an  extreme  in 
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Peru,  where  cane  is  grown  on  the  rainless  western  side  of  the  Andes 
under  irrigation.  As  compared  with  the  luxuriant  rain-forest  vege- 
tation of  the  same  latitude  in  the  East  Indies,  the  scant}7  desert 
flora  of  this  region  suggests  anything  but  the  possibility  of  cane  culture; 
yet.  with  controlled  water  supply,  conditions  for  the  crop  are  favor- 
able. Northward  in  the  same  belt,  sugarcane  grows  better  in  some 
of  the  high  humid  valleys  of  the  Andes  than  in  any  other  part  of  the 
New  World.  Farther  north,  but  still  below  10°  north  latitude,  the 
important  sugar  industries  of  the  Guianas  are  located  on  the  seacoast 
or  low-lying  lands  along  the  rivers,  some  even  below  tidewater. 

Having  progressed  around  the  world  within  the  narrow  confines  of 
what  may  be  considered  the  deep  Tropics  and  received  striking  revela- 
tions of  the  great  variation  in  natural  conditions  under  which  sugar- 
cane culture  is  pursued,  the  traveler  meets  with  more  surprises  when 
he  turns  his  attention  to  the  great  circles  at  right  angles  to  the 
Equator. 

Starting  again  in  the  western  Pacific,  but  farther  south,  he  en- 
counters sugarcane  culture  along  the  coastal  rivers  of  northern  New 
South  Wales  (28°  to  30°  S.),  where  a  mild.  Temperate  Zone,  humid 
climate  prevails,  with  occasional  freezes  in  July  and  August.  With- 
out special  remark  on  the  important  intervening  sugar  countries, 
which  include  Queensland,  the  Philippines,  southern  China,  and 
Formosa,  he  follows  the  great  circle  (approximately  140°  east  longi- 
tude) northward  6,000  miles  to  the  sugarcane  industry  of  the  small 
islands  south  of  Kyushu  in  the  Japanese  Archipelago  (30°  to  32°  N.). 
Distinctive  among  the  climates  of  important  sugarcane  countries  is 
that  of  parts  of  northern  India,  with  frost  in  December  and  January, 
hot  winds  in  early  April,  and  rains  commencing  in  June.  In  spite  of 
apparent  differences,  the  sea-level,  temperate,  rain-forest  areas  of 
the  southeastern  part  of  the  United  States  (25°  to  30°  N.),  with 
mild  to  severe  winters,  the  high  tablelands  of  northwestern  Argentina 
(25°  S.),  and  the  undulating  coastal  areas  and  acacia-grassland 
savanna  of  Natal  and  Zululand  (30°  S.),  with  long,  cool  winters  and 
marked  drought  hazard,  have  a  common  problem — how  to  make  more 
efficient  use  of  the  winter  months.  In  partial  compensation,  these 
countries,  together  with  northern  India,  New  South  Wales,  and 
others  in  similar  latitudes,  share  the  advantage  of  long  summer  days 
and  accelerated  growth,  as  compared  with  that  in  the  equatorial 
zone  of  12-hour  days.  The  small  sugarcane  enterprises  of  southern 
Spain  and  the  Azores  (38°  N.)  are  believed  to  be  the  northernmost 
commercial  industries. 

Returning  to  the  Tropics,  the  traveler  perceives  that  the  islands, 
or  groups  of  islands,  lying  between  10°  and  30°,  both  north  and  south 
of  the  Equator,  and  those  fringing  the  outermost  limits  of  the  tropical 
zone  have  more  in  common  climatically  than  any  other  sugarcane 
countries  thus  far  mentioned.  In  respect  to  certain  features,  prin- 
cipally the  amount  and  distribution  of  rainfall,  there  are  differences, 
but  in  general  the  light,  water  supply,  and  temperature  conditions 
are  similar.  As  a  group  these  islands  produce  a  large  proportion  of 
the  world's  cane  sugar.  Except  at  high  elevations  they  are  frost-free. 
Seasonal  effects  on  cane,  however,  are  pronounced,  and  in  particular 
the  combination  of  short  days  and  temperatures  somewhat  below 
optimum  for  growth  in  winter  results  in  a  long  period  of  stagnation 
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the  range  of  sugarcane  northward  and  southward,  to  cover  60°  of 
latitude  in  the  Americas. 

Inasmuch  as  only  very  restricted  plant  material  was  used  in  these 
sugarcane  enterprises  in  the  Western  Hemisphere,  which  merely 
1  'resettled"  Old  World  varieties,  the  performance  of  cane  in  the  West 
Indies  and  North  and  South  America  shows  that  the  plant  has 
considerable  adaptability. 

With  the  gradual  development  of  agricultural  science  and  closer 
scrutiny  of  the  performance  of  cane — in  terms  of  the  increase  of 
recoverable  sugar  by  the  month  rather  than  by  crop  seasons,  which 
may  vary  greatly  in  length — it  has  been  possible  to  measure  perform- 
ance with  a  much  greater  degree  of  refinement.  This  has  permitted 
evaluation  of  the  different  sugar-producing  regions  by  new  and  more 
precise  methods,  taking  into  consideration  climate  and  other  natural 
conditions.  It  becomes  apparent  that  some  deeply  rooted  ideas  on  the 
relative  advantages  of  sugar-producing  regions  need  revision.  The 
regions  where  sugarcane  is  important  may  owe  their  rank  as  producers 
to  considerations  among  which  natural  advantage  is  not  paramount. 

A  comparative  analysis  of  climate  in  the  sugarcane  areas  of  the 
Eastern  and  Western  Hemispheres  reveals  certain  similarities  and  also 
certain  striking  differences,  as  the  description  already  given  shows. 
Everything  considered — including  daily  periods  of  daylight,  annual 
and  daily  fluctuations  in  temperature,  mean  temperature,  amount  and 
distribution  of  rainfall,  and  soils — the  similarities  are  less  impressive 
than  the  differences.  This  is  partly  due  to  the  different  character  of 
the  land  areas  in  equivalent  latitudes  in  the  two  hemispheres. 

At  zero  latitude  in  the  chief  sugar-producing  part  of  the  Eastern 
Hemisphere  are  mountainous  islands  with  tropical  island  climates 
characterized  by  rather  abrupt  local  differences  in  rainfall  but  uniform 
temperatures  at  equal  elevations  and  surface  features  favorable  for 
drainage.  There  is  a  well-defined  east-and-west  monsoon,  advanta- 
geous for  ripening.  The  equivalent  land  area  in  the  Western  Hemis- 
phere is  the  vast  South  American  continent,  mostly  low  except  at  the 
extreme  west,  where  it  rises  abruptly  to  the  chains  of  the  Andes,  with 
high  flat  valleys  between  the  ridges.  In  general  the  local  differences 
in  rainfall  are  not  so  pronounced,  daily  change  in  temperature  is  not 
so  great,  and  the  mean  temperature  (except  in  the  Andes)  is  some- 
what higher  than  in  the  Eastern  Hemisphere.  There  is  no  well-defined 
monsoon  but  almost  continuous  heavy  rain  broken  by  periods  of  less 
rain  in  the  montana,  or  region  of  the  great  fan  of  tributaries  in  the 
upper  part  of  the  Amazon  watershed.  Except  for  length  of  day,  the 
climates  of  the  Eastern  and  Western  Hemispheres  at  this  latitude  are 
therefore  dissimilar.  For  sugarcane  the  lack  of  pronounced  tem- 
perature change  in  the  montana  is,  of  course,  not  unfavorable,  but 
the  absence  in  much  of  the  area  of  a  droughty  rest  period  results  in 
watery  juices.  These  contrasting  land  conditions  are  almost  the 
same  for  a  distance  of  about  10°  north  and  south  of  the  Equator. 
The  principal  tropical  sugar-producing  countries  of  the  Eastern 
Hemisphere  are  in  this  equatorial  band. 

Between  10°  and  20°  both  north  and  south  latitude  the  character 
of  land  areas  important  for  sugar  in  the  two  hemispheres  is  reversed. 
North  of  the  Equator,  they  change  from  insular  to  continental  in  the 
east,  while  in  the  west  they  change  from  continental  to  insular.     The 
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two  principal  tropical  sugar-producing  countries  of  the  west  are  in 
this    area. 

Between  20°  and  30°  N.,  sugar  production  is  continental  in  both 
hemispheres,  except  for  the  island  of  Formosa;  in  the  equivalent  band 
south  of  the  Equator  it  is  exclusively  continental. 

Beyond  30°  N.  and  extending  to  about  40°  wild  forms  of  Saccharum 
have  recently  been  found  in  the  Old  World,  the  outward  limits  of  the 
range  in  the  Temperate  Zone  being  midcontinental. 

Prehistoric  and  Recent  Adjustments 

The  wide  differences  in  the  climates  where  sugarcane  is  grown  need 
to  be  reconciled  with  the  undoubtedly  definite  requirements  of  the 
crop.  A  part  of  the  explanation  lies  in  the  fact  that  a  sexual  cycle 
is  not  involved  in  sugarcane  culture  as  it  is  in  that  of  most  staple 
crops.  The  commercial  product  of  sugarcane  is  not  fruit  or  seed  but 
a  constituent  of  the  cell  sap  of  the  stem,  a  vegetative  part.  In  gen- 
eral the  relationships  of  light,  temperature,  moisture,  etc.,  are  more 
exacting  for  sexual  maturity  than  for  vegetative  growth.  Wherever 
grown,  sugarcane  requires  about  the  same  units  of  climate,  in  what- 
ever pattern  they  appear,  in  the  course  of  a  year,  and  takes  relatively 
the  same  length  of  time  to  grow.  The  total  requirement  of  light, 
whatever  the  day  length,  is  large  and  must  synchronize  with  abundant 
water  and  with  growth  temperatures  approaching  the  optimum  dur- 
ing a  reasonably  long  crop  season;  and  during  the  season  there  must 
be  at  least  one  rest  period,  or  interruption  of  rapid  growth. 

In  the  Old  World  long  association  of  the  garden  forms  of  cane  with 
wild  ancestral  forms,  with  which  they  freely  hybridize,  has  permitted 
continuous  selection  for  countless  centuries,  and  there  may  be  found 
illustrations  of  distinctly  different  cultivated  or  garden  forms  adapted 
to  widely  different  climatic  conditions.  Since  in  a  short  space  it  is 
not  possible  to  direct  attention  to  more  than  a  few  examples,  the  most 
diverse  forms  of  cane  and  the  greatest  departures  in  climate  will  be 
discussed. 

By  far  the  greatest  sugar  production  in  India  is  in  the  Temperate 
Zone  portions.  The  cane  varieties  grown  commercially  are  the  garden 
forms  selected  by  unsung  horticulturists  ages  ago  from  the  local 
forms  of  Saccharum  spontaneum,  the  wild  cane  indigenous  in  northern 
India.  These  varieties,  slender  and  free  stooling,  make  tremendous 
growth  in  the  long  days  of  summer  and  withstand  the  cold  of  winter 
and  the  hot  dry  winds  of  spring.  They  are  short-cycle  forms,  com- 
pleting a  sexual  generation  in  8  to  10  months,  and  when  they  bloom 
the  flowers  are  produced  in  late  autumn.  Experimental  plantings 
of  varieties  of  this  type  in  the  United  States  indicate  that  growth 
starts  at  considerably  lower  temperatures  than  with  varieties  of 
Melanesian  origin. 

In  great  contrast  with  the  Temperate  Zone  climate  of  northern 
India  is  the  tropical-island  climate  of  the  equatorial  belt  in  the  East 
Indies.  In  keeping  with  the  climatic  requirements  the  cane  varieties 
arc  distinctly  different  from  the  Indian  canes  and  are  of  different 
ancestry.  The  exemption  from  extremes  of  temperature  and  the 
almost  unvarying  light  during  the  year  have  resulted  in  the  selection 
of  varieties  with  growth  characteristics  adapted  to  these  more  uniform 
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conditions.  It  is  not  surprising  that  in  Java  the  Melanesian  garden 
canes  are  the  basis  of  the  commercial  varieties  that  give  such  excellent 
results  there.  In  the  Americas  only  the  more  fertile  equatorial 
valleys  of  the  Andes  may  be  compared  with  the  native  habitat  of  the 
Melanesian  garden  canes,  and  even  there  conditions  are  not  exactly 
the  same. 

Sugarcane  is  not  native  to  the  New  World.  When  the  West  Indies, 
the  Americas,  and  Africa  were  colonized,  canes  originally  from  the 
East  Indies  region,  where  the  climate  is  relatively  stable  and  always 
hot.  were  exclusively  used,  although  climates  of  that  type  prevailed 
in  onlv  a  relatively  few  places  in  the  Western  Hemisphere,  chiefly 
in  small  areas  in  South  America.  In  Cuba  and  countries  equally 
far  from  the  Equator,  where  cane  of  that  type  is  still  grown,  its 
relatively  poor  performance  as  compared  with  that  in  Java  is  doubtless 
partly  attributable  to  climatic  conditions  distinctly  different  from 
those  of  the  original  habitat.  In  other  parts  of  the  Xew  World 
where  cane  was  established,  climatic  conditions  departed  to  an  even 
greater  degree — for  example,  in  Louisiana  and  Argentina,  where 
extremes  of  temperature  prevail.  Although  sugarcane  culture  has 
been  important  in  the  Western  Hemisphere  for  centuries,  the  adapta- 
tion of  varieties  to  climate  has  been  imperfect.  Only  in  a  few  places, 
most  of  them  of  limited  area,  have  the  migrants  found  conditions 
truly   satisfactory. 

For  most  cane-growing  countries,  distinct  opportunities  have 
recently  been  opened  for  selection  of  sugarcane  material  better  fitted 
to  the  climate  than  that  now  grown.  In  many  parts  of  the  world, 
particularly  in  the  Western  Hemisphere,  a  gradual  transition  is  taking 
place  in  the  character  of  the  sugarcanes  grown  commercially.  This 
transition,  which  is  far  reaching  and  of  great  economic  consequence 
in  many  important  sugar-producing  areas,  has  lately  been  much 
accelerated.  It  consists  chiefly  in  replacing  varieties  long  in  use  by 
hybrid  varieties.  These  hybrids  are  bred  by  crossing  the  old  varieties, 
or  varieties  of  similar  character,  with  wild  or  primitive  types  from 
different  and  sometimes  remote  environments  (fig.  2).  The  results 
of  this  work  have  been  to  double  the  acre  yield  of  sugar  in  many 
instances  (1)  and  to  focus  attention  on  the  relation  of  the  plant  to 
its  environment.3 

In  the  Old  World  there  is  evidence  in  some  places  of  a  greater  degree 
of  adjustment  to  climate  by  use  of  a  somewhat  wider  range  of  sugar- 
cane forms. 

Only  within  the  past  few  years,  with  study  of  the  wild  and  garden 
forms  of  cane  of  varied  origin,  has  there  been  a  realization  that  a 
very  small  part  of  the  whole  range  of  sugarcane  forms  available  in  the 
world  has  been  used  in  the  sugarcane  "resettlement"  enterprises  in 
America.  Xo  clear  statement  of  this  far-reaching,  important  con- 
clusion has  heretofore  been  made.  Demonstrations  on  a  large  scale 
have  indicated  that  when  the  climatic  requirements  are  considered 
and  a  wider  range  of  plant  material  is  used,  great  improvement  is 
possible.  Only  a  beginning  has  been  made,  centering  in  the  sugar- 
cane-improvement project  of  the  Division  of  Sugar  Plant  Investiga- 

1  This  varietal  revolution  is  the  result  of  several  causes,  among  which  attempts  to  control  the  diseases  of 
cane  by  substituting  resistant  varieties  were  important.  For  example,  the  prevalence  of  sereh  in  the  Nether- 
lands East  Indies  and  of  mosaic  in  Puerto  Rico  and  Louisiana  resulted  in  renewed  attention  to  breeding  for 
better  adaptation  to  climate  as  a  sequel  to  breeding  for  resistance. 
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tions  of  the  Department  of  Agriculture,  but  results,  signalized  by 
the  higher  acre-yield  levels  already  attained  by  the  completely  recon- 
stituted sugar  industry  of  the  South,  indicate  the  possibilities.  By 
attention  to  these  principles  of  climatic  requirement,  improvement 
slightly  less  in  degree  is  possible  in  the  important  sugar-producing 
countries  fringing  the  equatorial  belt,  where  the  annual  fluctuation  of 
temperature  reaches  50°  F.  or  more  and  the  differences  between  the 
longest  and  shortest  days  are  very  significant  for  the  growth  responses 
of  sugarcane. 

The  transition  in  the  character  of  the  sugarcanes  grown  commercially 
has  been  somewhat  more  pronounced  in  Temperate  Zone  countries. 
In  Natal,  Egypt.  Louisiana,  and  Argentina,  all  in  the  Temperate 
Zone,  the  first  stage  of  the  transition  is  complete.  An  analysis  of  the 
changes,  which  were  at  first  brought  about  largely  by  laborious  cut- 
and-try  methods,  demonstrates  the  practical  application  of  the  prin- 
ciples here  emphasized.  The  trend  is  toward  hybrid  canes  having  an 
admixture  of  the  noble  varieties  formerly  grown  and  cane  types  orig- 
inating in  the  north  Temperate  Zone.  Without  doubt  the  improve- 
ment resulting  from  this  belated  concession  to  the  demands  of  climate 
can  be  followed  by  still  further  improvement.  Conscious  selection  of 
breeding  material,  with  attention  to  the  great  number  of  forms  assem- 
bled during  the  past  20  years  and  due  consideration  of  the  climatic 
and  other  requirements  of  these  forms,  will  bring  nearer  the  goal  of 
highly  efficient  sugar  production. 


Hi.ikk  2.      Response  i<»  climate  of  diffcrenl  -u^arcane  varieties  in  Louisiana.      IVo 

<  ominenial  varieties,  (  ".  2>\\  ami  C.  P.  807  (at  left  and  at  center),  h<>th  of  which 
haw  a  -iron"  infusion  of  Temperate  Zone  types,  <_rn>w  better  in  the  Louisiana  climate 
than  P.  O.  J.  213  (at  right),  whose  breeding,  bistorj   definitely  includes  only  M 

infusion. 
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Determining  Climatic  Requirements  by  Test 
of  Basic  Types 

In  contrast  with  the  large  amount  of  narrowly  circumscribed  ma- 
terial previously  used  for  test  and  culture  a  systematically  collected 
assortment  of  sugarcane  comprising  a  wide  range  between  extreme 
forms  is  now  available  (8).  Studies  now  being  carried  on  by  the  Divi- 
sion of  Sugar  Plant  Investigations  and  its  cooperators  contemplate 
observations  on  a  large  group  of  wild  and  "original"  garden  forms  of 
cane  at  each  of  a  series  of  10  stations  spaced  at  intervals  between  the 
Equator  and  37°  N.  The  same  group  is  also  being  studied  under  con- 
trolled conditions  of  temperature  and  light.  The  group  comprises 
forms  collected  where  they  are  indigenous  extending  from  40°  N.  in 
central  Asia  to  the  southern  islands  of  Oceania. 

This  project,  now  only  in  its  second  year,  includes  the  simultaneous 
monthly  measurement  of  growth  rate  and  sugar  increment  throughout 
the  year  beginning  at  the  spring  solstice.  The  work  is  expected  to  con- 
tribute, in  the  course  of  time,  to  a  much  more  precise  evaluation  of  the 
world's  resources  of  sugarcane  germ  plasm  in  varying  forms  and  to  the 
better  adjustment  of  the  crop  to  the  climates  in  present  or  prospective 
sugar-producing  areas.  The  attack  on  this  problem  has  already  yielded 
results  indicating  that  stagnation  of  growth  during  the  cool  months 
in  the  outer  Tropics  and  occasional  cold  injury  in  the  lower  latitudes 
of  the  Temperate  Zone  need  not  be  accepted  as  permanent  impairments 
of  farming  efficiency^.     In  the  collection  are  wild  forms  that   grow 


I'  [CURE  3. — -Winter-hardy  wild  sugarcane  from  Turkestan  growing  as  a  perennial  at 
Arlington,  Va.,  where  noble  canes  kill  out  completely.  This  wild  type  arrows  (blooms) 
profusely  in  \ugust:  noble  canes  flower  much  later  in  the  Tropics.  By  taking  advan- 
tage of  the  reversed  seasons  north  and  south  of  the  Equator  and  utilizing  speedy 
transport  of  pollen  by  airplane,  cross  breeding  has  been  effected. 
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rapidly  in  cool  as  well  as  in  hot  weather  and  others  that  tolerate  cold 

(fisr.   3).     A  more  discriminating  selection  for  nobilization  of  basic 

-  vbiotypesi  adapted  to  these  particular  climates  is  now  possible. 

SUGAR  BEET 

World  Distribution 

In  nearly  every  important  country,  the  production  of  sugar  forms  a 
part  of  the  agricultural  economy.  Climate  determines  whether  the 
source  of  sugar  is  sugarcane  or  sugar  beet.  The  sugar  beet,  a  plant 
of  the  Temperate  Zone,  produces  one-third  of  the  world's  supply. 
Sugarcane,  a  perennial  grass,  requires  S  to  9  months  to  attain  adequate 
tonnage  and  satisfactory  quality,  and  its  culture  is  limited  to  tropical 
and  subtropical  climates.  The  sugar  beet,  on  the  other  hand,  is  a 
relatively  cold-hardy  plant,  grown  for  sugar  production  as  an  annual, 
which  in  160  to  200  days  {5%  to  7  months)  is  capable  of  producing  a 
large  tonnage  of  roots  of  high  sucrose  percentage.  Its  culture  there- 
fore can  extend  widely  north  and  south:  in  the  Northern  Hemisphere 
the  sugar  beet  is  grown  from  an  extreme  southern  limit  of  about  35° 
X.  to  an  extreme  northern  latitude  of  about  60°.  At  Malaga.  Spain. 
sugarcane  and  sugar  beets  growing  in  adjacent  fields  represent  the 
culture  of  the  two  crops  at  about  their  respective  north  and  south 
limits  i%. 

As  with  sugarcane,  the  potential  range  of  the  sugar  beet  as  a  crop 
plant  may  be  predicted  from  the  distribution  and  attributes  of  its  wild 
ancestors.  Rather  general  agreement  places  the  center  of  origin  of 
the  genus  Beta  in  eastern  Asia,  possibly  Asia  Minor  or  the  Can  -  - 
region  (11).  From  this  general  area  the  distribution  of  the  genus 
has  been  westward  along  the  Mediterranean  coast,  northward  and 
eastward  in  the  arid  steppe  regions,  and  as  a  littoral,  or  seacoast. 
plant  northward  along  the  Atlantic  and  North  S  a  -       The 

wild  relatives  of  the  sugar  beet,  especially  Beta  martiima  L..  are  cold- 
hardy,  extremely  resistant  to  drought,  tolerant  of  high  salt  concentra- 
tions as  evidenced  by  their  growth  in  situations  exposed  to  ocean  spray, 
and  capable  of  persistence  and  fair  growth  even  in  pauperized  - 
Among  the  types  of  B.  maritima  adapted  to  different  environments 
lecotypes),  annuals,  winter  annuals,  biennials,  and  perennials  are 
found:  a  northern  ecotype.  biennial  in  habit,  has  been  described  from 
Sweden  (8).  Thus  the  expectations  from  the  genetic  complexes 
encompassed  in  the  genus  Beta  are  fulfilled  by  the  establishment  of  the 
sugar  beet  as  a  crop  plant  from  Spain  to  Iran  in  the  south  and  as  far 
north  as  central  Sweden,  with  production  possibilities  claimed  for  the 
vicinity  of  Leningrad.  Union  of  Soviet  Socialist  Republics  [9  :  si* 
ful  culture  of  the  crop  on   an   extremely  wide  rai  _  »fl   types, 

including  those  highly  alkaline  or  brackish:  and  the  behavior  of  the 
plant  when  subjected  to  high  temperatures,  drought,  and  spring  or 
fall  frosts  (fig.  1). 

uperature  is  concerned,  the  sugar  beet  can  grow  in  any 
of  tli.'  Unit      S  A  distinction  must  be  made,  how 

en  mere  growth  of  the  plant  in  reasonably  fertile.  weU-wal 
:nd  the  efficient  production  of  sugar-beet  roots  rich  enough  in 
stored  sugar  to  make  them  satisfactory  for  sugar  fabrication.     In 
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general,  the  sugar  beet  makes  its  best  and  most  efficient  growth  as  a 
crop  plant  in  the  United  States  within  a  zone  lying  between  the  sum- 
mer-temperature isotherms  of  .67°  and  72°  F.  In  his  early  studies, 
Harvey  W.  Wiley  called  attention  to  this  relationship  and  mapped 
the  potential  belt  of  sugar-beet  culture  in  the  United  States  (12). 
Subject  to  water  supply  and  plant  diseases,  the  localization  of  the 
sugar-beet  industry  in  the  United  States  has  tallied  rather  closely 
with  this  masterful  generalization  (fig.  4). 

In  Europe  the  approximate  course  of  the  July  70°  F.  isotherm  is 
through  north-central  France,  central  Germany,  what  was  formerly 
Austria  about  at  Vienna,  Hungary  near  Budapest,  and  thence  north- 
ward through  Kiev,  U.  S.  S.  R.  The  important  and  highly  productive 
Magdeburg,  Czechoslovakian,  and  Polish  regions  lie  slightly  north  of 
this  isotherm,  and  those  of  Spain,  Italy,  the  Balkan  States,  Turkey, 
and  Iran,  where  sugar-beet  culture  presents  more  problems,  lie  to  the 
south,  the  districts  in  the  last  two  countries  being  nearer  the  July 
80°  isotherm.  The  limited  sugar-beet  culture  of  the  Southern  Hemi- 
sphere is  confined,  in  the  main,  to  regions  crossed  by  the  January 
70°  isotherm. 

Climatic  Requirements 

The  great  adaptability  of  the  sugar  beet  to  environment  makes  it 
necessary  to  outline  rather  broadly  the  climatic  conditions  necessary 
for  completion  of  a  crop  cycle  in  which  a  high  level  of  sugar  storage 
may  be  attained.  As  with  other  plants,  temperature  and  water  re- 
lations are  most  decisive.  Sugar-beet  seed  germinates  slowly  at 
temperatures  only  a  few  degrees  above  freezing;  hence  to  assure  emer- 
gence rather  than  rotting  in  the  soil,  air  temperatures  of  45°  to  48°  F. 
or  above  are  required.  At  the  emergence  stage,  when  the  bent  hypo- 
cotyls  are  pulling  the  seed  leaves  above  the  ground,  the  sugar  beet  is 


I  IGl  RE  1.      Location  of  beet-sugar  factories  in  the  Lnited  States.     The  zone  between 
the  mean  summer  isotherms  of  67°  and  72°  F.  is  shaded. 


Climatic  Relations  of  Sugarcane  and  Sugar  Beet     •     433 

most  sensitive  to  cold  (temperatures  of  about  27c  or  below).  Once 
above  ground  and  somewhat  conditioned,  the  plants  become  very 
hardy.4  tolerating  without  injury  cold  exposures  almost  as  great  as 
those  withstood  by  small  grains.  The  normal  progression  of  spring 
temperatures,  especially  those  approaching  a  daily  average  of  60°. 
induces  strong  growth.  Crop  growth  in  late  June.  July,  and  August 
is  speeded  by  mean  daily  temperatures  of  70°  or  slightly  higher,  but 
with  extremely  high  summer  temperatures,  growth  apparently  flags. 

Within  the  sugar-beet  zone,  summer  temperatures  probably  affect 
production  and  quality  of  sugar  beets  less  than  does  the  water  supply. 
Fall  temperatures,  however,  because  of  their  profound  effects  on  sugar 
storage,  are  a  critical  factor.  In  the  humid  area  and  in  general  in 
districts  in  which  the  crop  is  grown  under  irrigation,  a  sugar-beet  plant 
which  has  made  luxuriant  root  and  top  growth  usually  has  attained  by 
September  1  a  sucrose  percentage  of  about  12.  With  the  cool  days  and 
frosty  nights  of  late  September  or  October,  growth  is  checked,  but 
photosynthetic  activity  and  storage  of  sugar  are  augmented  (10) 
ffig.  5).  Sucrose  percentages  rise,  reaching  in  mid-October  averages 
of  15  or  more;  and  in  November,  if  injury  has  not  been  caused  by 
severe  freezing,  percentages  as  high  as  18  or  even  higher  may  be 
reached.  This  relation  of  sugar  storage  to  cool  temperatures  is 
stressed  because  it  explains  in  a  large  measure  the  mediocre  or  poor 
performance  of  the  sugar  beet  in  more  southern  areas  which  have 
relatively  warm  and  wet  fall  weather.  Wiley  (13),  found — and  abun- 
dant tests  since  have  confirmed  his  findings — that  around  Washington. 
D.  C  sucrose  percentages  of  sugar  beets  reach  their  highest  point 
(about  12  percent)  in  late  August  or  early  September,  but  fall  con- 
ditions bring  about  definite  retrogression  in  these  percentages  coin- 
cident with  vigorous  growth  of  the  plants. 

In  apparent  contradiction  to  this  course  of  development  and  sugar 
storage  under  cool,  fall  conditions  is  the  production  in  California  of 
extremely  high  tonnages  of  sugar  beets  of  a  quality  not  matched  in 
more  eastern  centers.  Sugar  beets  planted  in  California  in  December, 
January,  or  February  are  harvested  and  processed  beginning  in  late 
July.  Highest  sucrose  percentages  are  attained  in  the  hottest  months 
of  the  year,  and  sucrose  accumulation  in  the  roots  takes  place  at 
temperatures  which  in  the  daytime  greatly  exceed  100°  F.  It  is 
common  practice  there  to  withhold  irrigation  water  as  the  harvest 
period  approaches.  Probably  the  high  temperatures  and  decreased 
water  supply  operate  to  check  further  growth  while  intensive  photo- 
synthetic  activity  continues,  and  thus  storage  of  sugar  gains  to  the 
degree  that  growth,  which  consumes  foodstuffs,  is  retarded. 

iming  an  accumulation  of  soil  moisture  from  winter  precipita- 
tion  and   normal   distribution   of  moisture   throughout    the  growing 
d  and  discounting  heavy  rains  largely  lost  by  run-off.  the  rainfall 
requirements  in  the  humid  area  for  average  crop  production  may  be 
placed  at  3  to  5  inches  for  the  period  from  April  15  to  June  15.  4  to  6 
a  from  June  15  to  August  15.  and  3  to  4  inches  from  mid-August 
Tober  15.  or  a  total  seasonal  requirement  ranging  from  10  to  15 
inches.    Crops  have  been  grown  without  irrigation  with  only  6  inches 
of  effective  summer  rainfall,  but  under  such  condition-  production  fell 

even  when  small,  to  recover  from  hail  injury  .jxjrtant 

-dtkm  in  many  ar.-as  where  hail  damage  frequently  d  r  leafy  crop  plants. 
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Figure  5. — Harvesting  sugar  beets  in  the  humid  area  of  the  United  States  in  late 
fall  after  cooler  weather  has  checked  growth  and  promoted  storage  of  sugar  in  the  roots. 

far  below  average.  With  almost  garden  culture,  outstanding  yields 
are  obtained  in  the  Sacramento  delta  region  of  California  under  con- 
ditions of  nearly  unlimited  water  supply,  the  problem  in  this  district 
being  to  keep  the  water  table  sufficiently  low.  In  contrast  to  this  are 
the  extreme  reductions  in  yields  in  other  districts,  caused  by  drought 
periods,  and  the  very  noticeable  effects  of  rainless  periods  of  3  weeks 
or  more.  For  optimum  growth  of  the  crop  abundant  moisture  available 
throughout  the  season  is  necessary  so  that  growth  shall  not  be  checked 
at  any  stage.  In  the  irrigated  sections,  where  rainfall  is  either  neg- 
ligible or  so  small  in  amount  as  to  be  largely  lost,  and  relative  air 
humidities  are  extremely  low,  15  to  24  acre-inches  of  water  are  com- 
monly given  by  a  series  of  applications.  Light  but  frequent  irriga- 
tions are  more  efficient  than  fewer,  heavier  applications  of  water.  The 
common  fallacy  that  withholding  water  from  young  beets  makes 
deeper  rooted  plants  has  been  exploded;  the  practice  in  reality  results 
in  stagnation  of  plant  growth  and  loss  in  yield. 

The  factors  of  humidity  and  hours  of  sunshine  operate  concomi- 
tantly with  the  major  factors  mentioned,  and  their  direct  effects  are 
difficult  to  assess.  On  the  other  hand,  day  length  may  have  rather  far- 
reaching  effects.  The  sugar  beet  is  classified  as  a  long-day  plant  in  its 
fruiting  habit.  As  sugar  beets  are  grown  for  root  production  in  a 
season  starting  in  April,  the  period  from  April  15  to  July  1  is  not 
ordinarily  cold  enough  to  cause  bolting  (sending  up  seed  stalks  in  the 
first  season  of  growth)  with  commercial  strains;  from  midseason  on, 
vegetative  growth  continues,  the  shortening  hours  of  daylight  operat- 
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ing  further  to  restrict  animalism.  Thus,  in  nearly  all  districts  the 
sugar  beet  grows  entirely  vegetatively.  Seed  production  comes 
about  in  the  second  year  of  growth  as  a  response  to  fall  exposures 
and  winter  cold  storage. 

The  excessive  and  unwanted  bolting  of  ordinary  varieties  of  sugar 
beet  when  the  crop  is  grown  for  sugar  production  with  planting  dates 
advanced  to  as  early  as  October  or  November — a  practice  followed  in 
the  coastal  areas  of  southern  and  central  California  and  in  the  San 
Joaquin  and  Imperial  Valleys — presents  a  serious  problem.  As 
high  as  25  to  50  percent  or  more  of  the  plants  in  the  field  may  go  to 
seed,  with  consequent  loss  of  sugar.  This  change  from  the  vegetative 
to  the  reproductive  phase  is  associated  with  conditions  during  early 
growth,  when  temperatures  are  frequently  low  enough,  combined  with 
adequate  light,  to  induce  fruiting,  with  adverse  effects  on  early  plant- 
ings. Significant  quantitative  differences  in  the  cold-exposure  periods 
necessary  to  induce  bolting  have  been  found  among  varieties  and  inbred 
lines.  Varieties  slow  to  bolt  have  been  developed  by  selection,  and 
soon  such  types  will  be  used  almost  exclusively  for  plantings  made 
at  ad  vane  eel  dates. 

In  contrast  to  beet  growing  for  sugar  production,  in  which  the  object 
is  to  suppress  bolting  as  much  as  possible,  is  the  correlative  activity 
of  the  seed-production  enterprises,  in  which  maximum  seeding  of  the 
sugar-beet  plants  is  desired.  The  responses  of  the  sugar  beet  to 
temperature  as  well  as  to  day  length  have  extremely  important 
relations  to  seed-production  methods,  since,  within  mass-selected 
varieties,  the  types  vary  in  their  responses,  especially  to  thermal 
induction  of  fruiting  (seed  production  brought  on  by  exposures  to 
low  temperatures).  Selection  away  from  the  bolting  tendency  to 
obtain  varieties  which  will  not  go  to  seed  the  first  season  if  sown  at 
advanced  planting  dates  has  brought  up  new  problems  in  maintaining 
these  varieties  because,  within  such  nonbolting  varieties,  there  re- 
mains a  certain  small  proportion  of  individual  plants  which  still 
will  go  to  seed  readily  under  mild  exposures.  If  seed  production 
is  carried  on  under  mild  winter  conditions,  the  individuals  which 
have  a  tendency  to  bolt  go  to  seed;  those  which  are  slow  to  bolt  do 
not.  Thus,  the  desired  characteristics  of  the  nonbolting  sort  may  be 
changed  drastically  in  one  season  of  reproduction  because  of  this 
failure  of  the  desired  individuals  to  go  to  seed.  Certain  established 
sugar-beet  seed-growing  areas  of  the  United  States  which  have  a 
rather  mild  winter  climate  are  thus  unsuitable  for  producing  seed 
of  the  strains  refractory  to  bolting.  This  seeming  impasse  in  pro- 
ducing seed  of  nonbolting  varieties  for  growers'  use  has  been  over- 
come by  research  on  the  fundamental  principles  involved.  Genetic 
factors  determining  bolting  proclivities  have  recently  been  deter- 
mined. Studies  of  thermal  induction  and  photoinduction  (fruiting 
induced  by  length  of  day)  have  been  made  (7),  and  it  has  been  found 
that  in  the  former  case  duration  of  exposure  below  some  critical 
temperature  (about  45°  F.)  is  a  determining  factor  for  fruiting. 
There  is  evidence  that  the  thermal-induction  process  may  be  reversi- 
ble, warm  periods  nullifying  previous  effects  of  cold.  An  important 
practical  outcome  of  this  research  is  the  recognition  that  a  long 
exposure  to  prevailingly  cool  weather,  not  necessarily  below  freezing, 
causes  practically   all  refractory   types  to  go   to  seed,   thus  turning 
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attention  away  from  brief,  extreme  cold  exposures  and  emphasizing 
desirability  of  long-continued  low  temperatures  which  still  permit 
some  growth.  The  recent  development  of  the  sugar-beet-seed  enter- 
prise in  the  Pacific  Northwest  stems  from  these  physiological  dis- 
coveries, and  this  area  has  been  found  suitable  for  the  reproduction 
of  the  varieties  which  could  not  be  grown  satisfactorily  elsewhere. 

Fitting  Cropping  Practices  to  Plant  and 
Climatic  Requirements 

Placing  the  right  plant  in  the  right  environment  is  fundamental  in 
man's  conquest  of  nature.  Certain  soil  types  are  sought  to  meet  the 
requirements  of  a  given  plant.  The  obstacle  that  climate  presents  in 
arid,  continental  regions  because  of  deficits  in  precipitation  is  met  by 
utilizing  water  from  distant  watersheds  or  underground  sources. 
Thus  the  desert  is  reclaimed.  Adjustment  of  the  cropping  season  so 
that  untoward  climatic  conditions  are  avoided  likewise  assists  man 
in  his  conquest  of  the  environment. 

The  recent  entrance  of  sugar-beet  culture  into  the  Imperial  Valley 
of  California  on  thousands  of  acres  is  an  arresting  example  of  such 
agricultural  strategy.  In  this  great  fertile  expanse,  practically  rain- 
less and  torrid  in  the  summer  months,  the  lack  of  rainfall  has  long 
been  met  by  irrigation.  By  reversing  the  sugar-beet  season  and  plant- 
ing in  late  September  or  October,  the  crop,  which  has  been  custom- 
arily cataloged  as  fixed  to  the  spring-summer-fall  schedule,  has  been 
introduced  successfully  into  a  new  environment.  But  even  in  the 
Imperial  Valley  the  winter  temperatures  may  induce  ordinary 
varieties  to  go  to  seed  in  the  first  season.  Hence  the  varieties  to  be 
planted  must  be  chosen  to  fit  the  climatic  situation.  U.  S.  15,  a 
variety  moderately  resistant  to  curly  top,  obtained  in  breeding  work 
of  the  Division  of  Sugar  Plant  Investigations,  has  also  the  valuable 
character  of  being  a  type  slow  to  bolt  under  cold  exposure.  This 
variety  and  other  selections  are  coming  into  wide  use  for  fall  and  winter 
plantings.  The  accomplishment  in  the  Imperial  Valley  and  the 
possibilities  for  extension  into  other  regions  of  mild  winter  climate 
hinge  therefore  on  the  development  and  maintenance  of  nonbolting 
strains.  As  such  agricultural  problems  are  encountered,  emphasis 
must  shift  from  the  more  or  less  fixed  factors  of  the  environment  to 
consideration  of  the  right  plant  for  the  place  and  the  potentialities 
within  the  plant  material  which  may  permit  better  adaptations  to  the 
imposed  conditions. 

Disease  Epidemics  and  Climate 

In  large  areas  of  the  United  States  within  the  temperature  belt  for 
efficient  production,  sugar  beets  are  not  now  grown.  Usually  some 
major  factor  such  as  lack  of  an  adequate  water  supply  is  responsible. 
In  other  districts,  the  reason  is  economic.  There  are,  however,  many 
areas  having  adequate  soil  and  water  resources  where  the  growing  of 
sugar  beets  was  started,  met  obstacles,  and  was  abandoned.  In  the 
western  part  of  United  States,  the  limiting  factor  commonly  was  curly 
top,  a  virus  disease.  Curly  top  is  introduced  and  spread  in  the 
sugar-beet  field  solely  by  its  insect  vector,  or  carrier,  the  beet  leaf- 
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Figure  6. — Climate,  through  its  influence  on  the  insect-virus  relationship,  determines 

the  degree  of  curly  top  exposure.      The  susceptible  European  variety  planted  here  in 

the  center  strip  has  been  almost  completely  destroyed,  but  the  resistant  varieties  at 

left  and  right  have  made  normal  growth.      (Twin  Falls.  Idaho,  1938.) 

hopper.  The  prevalence  of  the  disease  in  any  season  is  a  function  of 
the  size  and  movement  of  the  beet  leafhopper  population.  The 
insect  population,  in  turn,  is  governed  by  the  kinds  and  quantities  of 
host  plants  on  the  western  range  lands,  which  are  the  breeding  grounds 
of  the  leafhopper.  Thus,  in  the  complicated  host-vector  relationship 
of  curly  top.  the  effects  of  climate  on  the  plant  -  ss  ons  of  w 
range  lands  determine  curly  top  epidemics.  The  recurrent  epidemics 
of  curly  top  at  one  time  seemed  to  present  unconquerable  obstacles  to 
sugar-beet  culture  in  the  Western  States.  By  the  breeding  and 
widespread  introduction  of  curly-top-resistant  varieties  [6  .  the 
crop  has  been  restored  to  the  West,  and  production  has  been  re: 
in  many  districts  previously  abandoned    tig.  6). 

Other  areas  of  the  United  States  made  almost   marginal  for 

sugar-beet  production   by  leaf  sp<  S  (o). 

This  fungus  d  —times  epidemic  proportions  in  warm  s 

rainy  periods  art'  frequent  in  the  first  half  of  the  growing  period. 
Fundamentally  the  relationship  of  epidemics  to  climate  traces  to  the 
fungus,  whose  growth  and  spore  formation  are  speeded  by  high  tem- 
peratures and  whose  spread  and  infection  require  rainy  weather. 
Where  climatically  induced  epidemics  have  jeopardized  production, 
the  newly  introduced  leaf-epot-resistant  varieties  have  great  pn 
(4). 
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These  plant  diseases  whose  epidemic  outbreaks  affect  the  sugar  beet 
as  a  crop  plant  are  cited  because  the  progress  made  toward  control 
again  turns  attention  to  the  plant  as  an  adjustable  factor  in  the 
environment-plant  complex. 
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Climate  and  Forage 
Crops 


By  0.  S.  Aamodt  j 


NATL  RE  did  a  superb  job  with  the  grasses  and  legumes,  spread- 
ing them  over  much  of  the  earth,  adapting  them  to  an  immense 
range  of  climates.  They  would  still  be  there  to  feed  our  flocks 
and  herds  and  to  hold  and  build  the  soil  if  there  were  no  other 
crop  plants  whatever  in  the  world.  This  article  tells  about  the 
adaptability  of  the  grasses  and  legumes  from  coast  to  coast  and 
north  to  south  in  the  United  States — where  they  came  from, 
what  species  thrive  in  different  regions  and  areas,  and  in  general 
what  is  being  done  to  make  them  still  more  useful  in  modern 
agriculture. 


Aamo«it  is  Head  Agronomist,  in  Charge,  Divi-ion  of  Fit  k|  B  .roan  of  Plant 

Industry. 
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In  all  climates,  whatever  the  degree  of  latitude  or  longitude  and  at 
almost  every  altitude  from  seacoast  to  alpine  heights,  grasses  and 
legumes  provide  the  principal  source  of  feed  for  livestock,  at  the  same 
time  serving  to  hold  the  land  surface  in  place  against  the  rush  of 
floodwaters  and  the  force  of  the  wind.  Of  the  many  kinds  of  grasses 
and  legumes,  only  a  few  are  adapted  to  any  particular  climate.  Those 
that  thrive  on  sand  dunes  along  the  seacoast  would  perish  on  alpine 
ranges,  species  found  in  arid  wastes  fail  in  more  humid  environments, 
and  those  common  to  warm  climates  succumb  to  cold,  while  species 
hardy  in  cold  climates  fail  to  survive  tropical  or  even  subtropical  heat. 

In  the  United  States,  where  over  half  of  the  land  area  is  covered 
with  grasses  and  legumes,  many  of  those  important  on  ranges  and  in 
pastures  and  meadows  are  native  species.  Many  other  species,  gathered 
in  foreign  countries  by  explorers,  sent  home  by  missionaries  or  other 
travelers,  or  brought  in  by  immigrants,  have  proved  valuable  sup- 
plements to  the  native  plants.  Thousands  of  such  introductions  fail 
to  find  suitable  conditions  in  this  country;  others  react  favorably  to 
the  environment  characterizing  one  or  another  part  of  the  country; 
still  others  await  improvement  by  selection  or  breeding  or  the  devel- 
opment of  suitable  cultural  methods.  To  determine  the  range  of 
adaptation  of  introduced  species,  to  develop  systems  of  culture,  to 
bring  about  improvement  by  breeding  and  selection,  and  to  relate 
these  advances  to  climatic  requirements  are  the  objectives  of  intensive 
research  by  the  United  States  Department  of  Agriculture  and  the 
State  experiment  stations.  It  is  through  such  research  that  the  United 
States  has  acquired  and  is  currently  acquiring  new  and  valuable  species 
for  agricultural  and,  as  in  the  case  of  soybeans,  even  industrial  use, 
under  the  different  climatic  conditions. 

The  objective  of  the  plant  breeder  is  to  develop  varieties  that  are 
better  able  to  withstand  the  destructive  effects  of  limiting  factors  such 
as  climate,  unfavorable  soil  conditions,  and  pests — weeds,  diseases, 
and  insects.  The  process  is  one  of  fitting  plants  into  their  environ- 
ments. Nature  has  carried  on  this  process  over  thousands  of  years 
with  innumerable  plant  generations.  The  new  environment  created 
by  modern  agriculture  with  its  destructive  tillage  operations  and 
intensified  outbreaks  of  plant  pests  needs  new  plants  adapted  to  the 
changed  conditions.  The  breeder  is  expected  to  develop  these  new 
plants  in  a  relatively  short  time  and  within  a  relatively  small  number 
of  plant  generations.  He  is  able  to  do  this  with  the  aid  of  scientific 
knowledge  gathered  from  the  fundamental  plant  sciences  and  from 
practical  studies  and  observations.  Improved  varieties  resistant  to 
destructive  factors  will  naturally  yield  more  abundantly  than  the  old 
and  will  raise  crop  values  per  acre  without  materially  increasing  pro- 
duction costs. 

ALFALFA 

The  wide  distribution  of  alfalfa  in  the  world  indicates  a  remarkable 
adaptability  to  various  climates  and  soils.  Though  the  crop  requires 
considerable  moisture  to  produce  profitable  yields,  it  does  best  in  a 
relatively  dry  climate  where  water  is  available  for  irrigation.  It  will 
survive  a  long  period  of  drought  but  is  not  productive  under  such 
conditions.  It  is  not  so  well  adapted  to  a  humid  climate,  partly 
because  acid  soils  are  developed  under  heavy  precipitation  and  partly 
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because  diseases  are  more  destructive  in  humid  regions.  The  rapid 
extension  of  alfalfa  production  in  the  United  States  dates  from  the 
introduction  of  Chilean  seed  into  California  about  1850.  This  variety 
was  not  resistant  to  cold,  however,  and  for  several  years  no  alfalfa 
sufficiently  hardy  to  survive  the  winters  of  the  Northern  States  was 
available.  Through  introduction  from  other  regions  where  the  winters 
are  more  severe  than  they  are  in  Chile,  through  selection  by  both  nature 
and  man.  and  through  breeding,  alfalfas  have  been  made  available 
that  are  sufficiently  hardy  to  survive  with  reasonable  certainty  the 
winters  of  any  climate  in  the  United  States. 

Climatic  Relationships  of  Alfalfa 

It  is  generally  believed  that  the  native  habitat  of  alfalfa  is  south- 
western Asia.  The  climate  in  this  region  is  characterized  by  cold 
winters  and  hot  summers.  The  precipitation,  which  except  at  high 
altitudes  is  rather  limited,  occurs  mainly  in  late  fall,  winter,  and  early 
spring.  The  summers  are  relatively  dry,  with  low  humidity.  Histor- 
ical accounts  indicate  that  it  was  in  this  general  region  that  alfalfa  was 
first  cultivated.  From  there  it  was  taken  to  the  Mediterranean  coun- 
tries and  to  other  parts  of  the  world,  succeeding  best  where  climatic 
conditions,  particularly  humidity,  were  somewhat  similar  to  those  of 
its  native  habitat  and  where  sufficient  soil  moisture  was  available  from 
subirrigation  or  surface  irrigation.  With  increased  knowledge  of  other 
requirements  such  as  those  for  lime,  for  inoculation  with  nitrifying 
bacteria,  and  for  certain  plant-food  elements,  the  culture  of  the  crop 
has  spread  to  all  parts  of  the  world.  It  is  now  grown  successfully  under 
a  wide  range  of  climatic  conditions,  but  it  has  never  been  as  long-lived 
in  humid  as  in  dry  climates.  The  difficulty  in  curing  the  hay  in  humid 
areas  undoubtedly  has  had  an  effect  in  discouraging  interest  in  alfalfa. 
Today  Argentina  with  about  20  million  acres  and  the  United  States 
with  nearly  14  million  lead  all  other  countries  in  production. 

Attempts  were  made  as  early  as  1736  to  grow  alfalfa  in  the  eastern 
part  of  the  United  States,  but  it  was  not  until  about  1850.  when  it  was 
introduced  into  California  from  Chile,  that  the  crop  showed  much 
promise.  This  is  explained  by  the  fact  that  conditions  in  California 
were  somewhat  similar  to  those  in  its  native  habitat.  Alfalfa  growing 
then  spread  rapidly  to  other  States,  but  for  many  years  the  crop  was 
important  only  in  the  West.  As  knowledge  of  the  requirements  of  the 
crop  increased,  it  moved  eastward,  until  some  of  the  Middle  Western 
States  now  lead  all  others  in  acreage  cut  for  hay  (fig.  1).  The  greater 
part  of  the  seed  is  still  produced  in  the  dry  Western  States.  For  some 
unknown  reason  seed  sets  very  sparingly  under  humid  conditions. 
During  dry  seasons,  however,  considerable  seed  is  produced  in  the 
Eastern  States. 

Moisture,  Temperature,  and  Other  Relationships 

Alfalfa  has  a  relatively  high  water  requirement,  about  800  pounds  of  water 
being  required  to  produce  1  pound  of  dry  matter  (2).-  As  previously  indicated. 
it  succeeds  best  under  conditions  of  low  humidity,  provided  sufficient  soil  moisture 

is  available.      Under  such  conditions  fields  15  and  20  vears  old  were  not  uncommon 


1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  457. 
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UNITED  STATES  NET  INCREASE 
153.000  ACRES.OR  1   PERCENT 


Figure  1. — The  acreage  of  alfalfa  cut  for  hay  in  the  United  States  increased  by  153.000 

acres  between  1029  and  1034.      More  than  balancing  the  net  decrease  in  the  western 

half  of  the  country  {A),  was  the  large  increase  in  the  eastern  half  (B). 

until  insects  and  diseases  became  increasingly  destructive.  Exhaustion  of  certain 
plant-food  elements  as  a  result  of  growing  alfalfa  on  the  same  land  for  many  years 
has  tended  to  reduce  productivity  and  to  shorten  the  life  oi  a  stand.  Where 
humidity  is  high  it  has  >eldom  been  possible  to  maintain  a  satisfactory  stand  for 
more  than  5  or  0  years,  partly  because  of  the  prevalence  of  diseases  under  such 
conditions.  A  combination  of  high  humidity,  high  precipitation,  and  high  tem- 
peratures  i-  particularly  unfavorable.      In  some  instances  where  the  precipitation 

than  20  inches  annually  and  irrigation  is  not  possible,  the  high  water  require- 
ment of  alfalfa  has  resulted  in  the  exhaustion  of  the  subsoil  moisture.  This  has 
occurred  in  parts  of  the  Great  Plains  where  good  yield-  were  obtained  for  several 

>n  land  sown  to  alfalfa  for  the  first  time.  Where  it  was  sown  a  >econd  time 
on  the  same  land  the  vields  were  far  from  satisfactory.     A  careful  studv  showed 
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that  in  some  instances  the  first  seeding  had  exhausted  the  subsoil  moisture  to  a 
depth  of  40  feet  so  that  subsequent  seedings  had  to  depend  upon  the  annual 
precipitation,  which  was  not  sufficient  to  meet  the  requirements  for  maximum 
production  (9,  10). 

Winter  killing  is  often  associated  with  lack  of  sufficient  moisture  during  the 
preceding  summer  and  fall  by  which  the  vigor  of  the  plants  has  been  reduced 
to  such  an  extent  that  they  are  unable  to  endure  low  temperatures. 

Heaving  from  freezing  and  thawing  is  responsible  for  serious  losses  in  some  of 
the  Eastern  States,  usually  where  the  soil  is  saturated  with  moisture. 

A  direct  correlation  is  often  shown  between  soil  moisture,  whether  from  precipi- 
tation or  irrigation,  and  losses  from  diseases.  Bacterial  wilt,  for  instance,  develops 
more  rapidly  where  soil  moisture  is  abundant  and  other  conditions  favor  vigorous 
growth.  Certain  leaf  and  stem  diseases  and  yellowing  due  to  the  potato  leaf- 
hopper,  Empoascae  fabae  (Harr.),  are  usually  more  destructive  under  humid  than 
under  dry  conditions. 

Alfalfa  is  more  tolerant  of  extremes  of  heat  ar\d  cold  than  most  perennials. 
The  species  Mtdicago  falcata  L.  has  been  reported  as  growing  in  Siberia  where 
temperatures  as  low  as  —  S4°  F.  have  been  reported  (18).  Other  conditions  being 
favorable,  certain  varieties  of  alfalfa  have  been  grown  successfully  where  maximum 
summer  temperatures  exceed  120° F.  Productivity  and  longevity  vary  with  the 
species  and  variety.  M.  falcata,  for  instance,  is  usually  able  to  endure  a  greater 
degree  of  cold  than  M.  satiua  L.  or  the  M.  falcata  X  M.  sativa  hybrid,  but  it  is  not 
usually  productive  or  long-lived  where  the  winters  are  mild  and  summers  long  and 
hot.  Certain  varieties  of  M.  sativa,  on  the  other  hand,  are  not  cold  resistant  and 
are  most  productive  where  the  winters  are  mild  and  the  summers  long  and  warm, 
but  they  continue  to  grow  during  the  winter  after  the  more  cold-resistant  alfalfas 
become  dormant.  Between  these  extremes  are  found  all  gradations  that  have 
resulted  either  from  natural  selection  or  natural  crossing. 

In  the  United  States  three  broad  groups  of  alfalfas  are  recognized — hardy, 
medium  hardy,  and  nonhardy.  The  regions  to  which  they  are  adapted  are  shown 
in  figure  2. 

Variation  in  cold  resistance  among  varieties  and  strains  of  alfalfa  is  illustrated 
in  figure  3. 

The  response  of  alfalfas  to  length  of  day  (photoperiodism)  appears  to  be  corre- 
lated in  some  way  with  their  reaction  to  low  temperatures.  Under  controlled 
greenhouse  tests  the  nonhardy  alfalfas  were  more  vigorous  and  produced  more 
growth  with  short  days  than  the  hardy  alfalfas,  while  with  long  days  the  reverse 
was  true  (19). 


Figure  2. — Adaptation  of  hardy,  medium-hardy,  and  nonhardy  alfalfas. 
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Fiui  re  3. — A  demonstration  of  the  difference  in  cold  resistance  of  different  alfalfas. 
The  sood  stands  in  the  center  are  Grimm  and  Canadian  Variegated:  those  on  both 
sides  that  hare  been  winter-killed  are  Hairy  Peruvian.  Spanish.  Argentine,  and  S 

ncan  alfalfas 

Some  recent  studies  have  shown  a  direct  relationship  between  reserves  of  food 
in  the  roots  in  the  fall  and  winter  killing  and  productivity  the  following  year  (5). 
Where  growth  is  kept  down,  no  opportunity  is  afforded  for  the  storage  of  reserves 
in  the  roots,  and  the  plants  are  so  weakened  that  they  are  unable  to  endure  low 
temperatures,  whereas  the  same  varieties  when  given  an  opportunity  through 
proper  management  to  store  up  reserves  survive  similar  temperatures  with  little 
or  no  injury. 

That  varieties  differ  in  their  ability  to  survive  ice  sheets  is  generally  recognized. 
As  might  be  expected,  ice  sheets  usually  are  less  injurious  to  hardy  than  to  non- 
hardy  varieties.  Some  investigations  point  to  the  possibility  that  the  injury  is 
due  to  an  accumulation  of  toxic  products  of  respiration. 

CLOVER* 

Red  clovers  are  adapted  generally  to  the  northern  half  of  the  United 
States,  excluding  the  drier  portions  of  the  Great  Plains.  The  various 
strains  have  little  in  common,  as  far  as  climatic  a  >n  is  con- 

cerned, with  the  European  stocks  from  which  they  originated.  V. 
red  clover  was  first  introduced  by  the  early  settlers  in  th 
States  it  was  exposed  to  low  winter  temperatures  which  only  the  more 
hardy  plants  survived.  As  it  was  carried  westward  red  clover  en- 
countered high  midsummer  temperatures  and  drought.  The  accli- 
mated surviving  plants  were  attacked  by  a  new  foe  in  the  form  of 
leafhoppers,  and  only  the  hairy  types  that  the  hoppers  did  not  like 
survived.  Then  the  plant  diseases  took  their  toll.  The  plant 
breeders  finally  had  a  hand  in  the  selection  process  and  assisted  in 
evolving  new  types  adapted  to  the  climatic  hazards  in  the  New  World. 

The  true  clovers,  species  of  the  genus  Trifolvum,  annual  or  perennial, 
are  found  in  every  continent  of  the  world,  and  in  all  except  Australia 
certain  species  form  a  part  of  the  native  flora.  Only  in  very  limited 
areas  are  climatic  factors  favorable  for  the  continual  growth  of  the 
perennial  species  throughout  the  year.     In  the  cool  part  of  the  1 
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perate  Zones  the  perennials  may  persist  from  year  to  year,  but  in 
countries  with  a  more  equatorial  climate,  the  winter-annual  species 
are  most  abundant,  and  the  perennials  behave  principally  as  winter 
annuals.  The  three  most  important  climatic  factors  affecting  the 
distribution  and  development  of  the  true  clovers  are  rainfall,  tempera- 
ture, and  light.  A  copious,  uniform  supply  of  soil  moisture  furnished 
by  precipitation  or  irrigation  and  cool  temperatures  are  most  favorable 
for  growth.  Often  a  deficiency  of  light,  due  to  shading  by  other 
plants,  prevents  establishment  of  seedlings. 

M<>st  of  the  species  of  agricultural  importance  appear  to  have 
originated  in  southern  Europe  and  Asia  Minor,  where  the  annual 
rainfall,  ranging  from  17  inches  upward,  occurs  principally  during 
the  winter  months  when  the  temperature  is  relatively  cool.  Rain- 
fall and  temperature  are  more  favorable  for  clover  in  northern  latitudes 
than  in  the  Mediterranean  regions,  but  the  limitation  of  light  due  to 
the  competition  of  the  original  tree  and  shrub  growth  was  critical. 
Only  when  man  gradually  destroyed  the  tall-growing  vegetation. 
permitting  the  encroachment  of  the  low-growing  species,  did  the 
clovers  become  widely  distributed. 

The  Md&otus  species,  annuals  and  biennials,  appear  to  have  origi- 
nated in  the  more  arid  regions  of  western  Europe  and  Asia  Minor. 
The  early,  commonly  used  name  "Bokhara  clover"  indicates  the  gen- 
eral region  of  origin.  Once  established,  the  biennial  species  are 
tolerant  of  drought,  though  a  good  supply  of  soil  moisture  and  rod 
temperatures  are  necessary  for  the  germination  and  early  growth  of 
idling  plants.  The  requirements  of  the  winter-annual  species  of 
sw  eetelovers  for  moisture  and  temperature  are  similar  to  those  of  the 
winter-annual  species  of  the  true  clovers. 

In  the  United  States,  climate  has  had  an  indirect  as  well  as  a  direct 
effect  on  the  distribution  and  use  of  clovers.  Most  of  the  native 
North  American  species  of  Trifolium  are  found  in  the  Rocky.  Sierra 
Nevada,  and  Cascade  Ranges  and  are  of  relatively  minor  importance 
though  they  provide  grazing  and  hay  locally.  All  of  the  true  clovers 
and  sweetclovers  of  agricultural  value  are  exotic  ("foreign  I  plants  that 
were  introduced  deliberately  or  by  chance  and  have  become  established 
in  the  environments  to  which  they  are  best  adapted. 

Under  severe  or  hazardous  conditions  the  important  species  of  the 
true   clovers — red   clover     Trifolium   pratenst   L.  .   white  clover     T 
L.j,   alsike   clover    (T.   hybridum   L.i,   strawberry   clov* 
•  rum  L.) — may  behave  as  annuals  and  biennials  as  well  as  peren- 
nials.    Crimson  clover    T.  incarnai  low  hop  clover  ( 7 

L.),   least  hop  clover    [T.   dubium   Sibth.),   Persian  clr.v. 

turn   L.  .   cluster   clover    (T.    glomeratum    L. ),    subterranean 
clover  [T.  wbttrraneum  L. ,  and  lappa  clover  (T.  lappaeeum  L 
principally  winter-annual   species,  although  crimson   clover  is  being 
effectively  used  as  a  summer  annual  in  northern  Maine. 

The  principal  species  of  sweetclovei    MdUotus)  are  biennial  yellow 
'lover    (M.   officinalis   Lam.  .   biennial   white  oyer     M. 

alba  Desr.),  the  winter  annual  sour  or  bitter  clove:  ;'<ca  All.), 

and  the  summer-annual  forms  of  the  biennials.  The  general  distri- 
bution is  shown  in  figure  4.  General  climatic  relationships  of  the 
regions  of  distribution  may  be  obtained  by  eomparing  this  map  with 
the  rainfall  and  temperature  maps  given  in  Part  5  of  this  book. 
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Figure  4. — General  regional  adaptation  of  clovers:  A,  Red  clover,  white  clover,  and 
alsike  clover;  B,  crimson  clover,  hop  clovers,  white  clover,  Persian  clover,  cluster 
clover,  subterranean  clover;  C,  sweetclovers;  D,  a,  sweetclover,  red  clover,  white 
clover,    alsike   clover,    strawberry    clover;    b,    red    clover,    sweetclover,   winter-annual 

species  of  true  clovers. 

Climatic  Relationships  of  Clovers 

Sweetclovers  may  be  grown  in  any  part  of  the  United  States  where  the  spring 
and  summer  rainfall  amounts  to  17  inches  or  more;  on  acid  soils,  the  application 
of  lime  is  necessary.  Production  of  sour  or  bitter  clover  is  confined  to  the  territory 
bordering  the  Gulf  of  Mexico  and  to  southern  California,  New  Mexico,  and  Ari- 
zona; where  rainfall  is  insufficient  it  may  be  grown  under  irrigation.  Throughout 
the  Intermountain  States,  sweetclover  and  other  clovers — principally  red  clover, 
white  clover,  and  alsike  clover — are  widely  grown  either  under  irrigation  or  at 
high  altitudes  where  rainfall  is  sufficient.  Strawberry  clover  is  particularly  well 
adapted  to  wet,  saline,  or  alkaline  soils  of  this  region.  On  the  Pacific  coast,  red 
clover  is  grown  from  central  Oregon  to  the  Canadian  boundary  and  sweetclovers 
and  the  winter-annual  species  of  the  true  clovers  throughout  the  region  where 
sufficient  moisture  is  available. 

Wide  differences  in  the  adaptation  of  varieties  and  strains  of  most  of  the  clovers 
and  their  direct  reaction  to  temperature,  moisture,  and  length  of  day  exist  in  all 
species.  Such  responses  limit  the  use  of  any  variety  for  maximum  production. 
In  the  field  the  effect  of  a  single  climatic  factor  on  plant  behavior  cannot  be  dis- 
tinctly segregated  from  the  interaction  of  other  factors,  and  interpretations  must 
be  tempered  accordingly. 

Very  often  red  clover  stands  are  lost  during  the  winter  months.  In  part  this 
may  be  due  to  low  temperatures,  to  alternating  cool  and  warm  temperatures,  or  to 
heaving.  Unadapted  strains,  diseased  plants,  or  those  that  have  been  closely 
grazed  or  cut  during  the  fall  months  are  particularly  susceptible  to  winter  hazards 
(fig.  5).  These  conditions  also  affect  white  clover,  alsike  clover,  and  strawberry 
clover  in  varying  degrees.  On  the  other  hand,  biennial  sweetclover  species  are 
normally  resistant  to  low  temperatures  but  are  very  susceptible  to  heaving  (fig. 
6).  Winter-killing  usually  occurs  after  the  first  year's  growth  of  sweetclover  is  cut 
in  the  fall,  when  the  plants  are  making  and  storing  reserves  of  food  in  the  roots. 

Low  winter  temperatures  definitely  limit  the  distribution  and  adaptation  of  the 
winter-annual  species  of  all  clovers.  Low  hop  clover  and  crimson  clover  appear  to 
be  the  most  tolerant  and  are  the  species  responsible  for  extending  the  winter- 
annual  clover  belt  as  far  north  as  it  is  shown  in  figure  4.    Sour  or  bitter  clover  and 
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berseem  clover  (Trifolium  alexandrinum  L.)  are  among  the  species  least  tolerant  of 
winter  cold.  Good  fall  vegetative  growth  before  the  advent  of  minimum  tempera- 
tures is  the  best  protection  against  winter  killing. 

Wherever  clovers  are  grown  in  the  United  States  high  summer  temperatures  are 
not  fatal  provided  soil  moisture  is  abundant  and  the  root  systems  of  the  plants 
are  large  enough  to  absorb  the  moisture  required  for  transpiration.  Often, 
however,  even  under  favorable  conditions  the  removal  of  a  mature  companion 
grain  crop  from  a  vigorous  growth  of  red  clover,  exposing  the  young  plants  to  the 
direct  rays  of  the  sun,  results  in  the  death  of  many  plants.  High  summer  tem- 
peratures inhibit  the  germination  of  the  seed  of  most  of  the  winter-annual  species. 
The  fact  that  there  are  different  temperature  requirements  for  germination  among 
species  contributes  to  their  range  of  adaptation,  since  these  requirements  are  re- 
lated to  latitude,  soil  type,  and  plant  associations  {25) . 

For  the  true  clovers  rainfall  is  probably  more  important  than  any  other  cli- 
matic factor.  All  clovers  require  a  moist  soil  at  the  time  of  germination  and 
establishment  of  seedlings,  and  a  deficiency  in  soil  smoisture  at  this  time  is  prob- 
ably responsible  for  more  losses  than  any  other  factor  of  climate.  Seeds  of  certain 
species  absorb  moisture  rapidly  (this  is  a  common  characteristic  of  crimson  clover) , 
so  that  when  rainfall  periods  of  short  duration  are  followed  by  dry  weather,  the 
young  seedlings  are  killed  before  the  plants  are  established. 

Sweetclovers,  when  well  established,  send  their  extensive  taproots  to  the  lower 
soil  levels  and  persist  under  drought  conditions,  though  little  vegetative  growth 
may  be  made. 

As  already  noted,  when  clovers  are  grown  in  association  with  companion 
crops  the  limitation  of  light  is  often  fatal  to  the  seedlings.  Even  when  a  stand 
is  established,  growth  is  slow  and  poor  unless  the  plants  get  direct  light  for  at 
least  a  considerable  part  of  the  day  (8).  The  clovers  are  long-day  plants,  but 
the  species  and  varieties  differ  widely  in  their  response  to  different  lengths  of 
exposure  to  light  (fig.  7).  Temperature,  age,  and  the  carbohydrate-nitrogen 
balance  within  the  plant  appear  to  affect  the  response  to  length  of  day.  The 
winter-annual  species  when  planted  in  the  spring  in  the  Cotton  Belt  or  the  Corn 
Belt  make  only  a  few  inches  of  growth  before  flowering  is  induced  by  the  increas- 
ing length  of  day.     If  the  clover  is  planted  in  August  or  later,  when  day  length  is 


FlGl  he  5. — Winter  killing  of  red  clover  is  affected  by  seed  source:   A  stand  of  Ohio 
red  clover  (A)  has  survived  low  winter  temperatures  that  left  alive  only  a  few  plants 

of  French  red  clover  (B). 
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Figure  6. — Sweelclover  roots  heaved  out  of  the  soil  during  late  winter. 

decreasing,  vegetative  growth  occurs  without  reproduction.  Crimson  clover,  a 
true  winter  annual  of  the  Southeastern  States,  when  planted  in  May  in  northern 
Maine  behaves  as  a  summer  annual.  Growth  is  rapid  with  the  cool  temperatures 
and  adequate  rainfall,  but  blossoming  begins  in  late  August.  At  this  time  the 
length  of  day  is  rapidly  decreasing,  and  vegetative  growth  is  again  stimulated. 
In  the  greenhouse  true  biennial  sweetclovers  blossom  freely  a  few  weeks  after 
planting  when  subjected  to  20  or  more  hours  of  illumination.  The  double-cut 
or  medium  forms  of  red  clover  blossom  freely  in  the  fall  in  short  days  provided 
the  plants  have  made  vigorous  vegetative  growth  during  the  spring  and  summer 
months,  but  the  single-cut  forms,  which  require  a  longer  photoperiod,  remain  in 
vegetative  growth. 


3&r 

Figure  7. — Effect  of  length  of  day  on  the  blossoming  of  double  and  single  forms  of 

red  clover.     All  the  plants  were  grown  for  4  months  with  a  14-hour  day:  A,  Double-cut 

red  clover;  B,  Single-cut  red  clover. 
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The  discussion  so  far  has  been  principally  confined  to  the  direct  reaction  of 
important  climatic  factors  on  clovers.      Many  indirect  relationships 
adaptation  of  red  clover  in  th  i  part  of  the  Red  Clover  Belt  is  in  part 

dependent  upon  resistance  to  southern  anthracnose,  while  in  the  central  and 
northern  part  this  disease  is  not  troublesome  do).  The  occurrence  and  develop- 
ment of  the  causal  organism,  Colletotricr  -  M.  Bain,  is  stimulated  be- 
long periods  of  warm,  moist  weather,  and  thus  the  effect  of  climate  on  the  path- 

ir  disease  organisms,  determines  the  strain  of  red  clover  that  can  be  s 
fully  grown.      Many  of  the  true  clovers  and  several  sweetclovers  are  self-sterile, 
depending  upon  insects — mostly  various  species  of  bees — lor  cross-poll:: 
Since  rainfall  and  temperature  affect  the  activity  of  the  bees,  seed  production  is 
favorably  or  adversely  influenced  accordingly.     In  the  Corn  Belt  climate  p 
larly  influences  seed  production  of  red  clover,  first  by  its  effect  on  the 
honeybees  and  secondly  through  the  stimulation  of  growth  of  other  flan 

-  competing  with  red  clover  as  a  source  of  pollen  and  nectar;  the  latter 
cannot  usually  be  obtained  from  red  clover  by  the  honeybee.  The  desert  climate 
surrounding  the  irrigated  projects  of  the  Intermounta;  ible  to 

other  blossoming  plants  when  red  clover  is  in  flower,  and  because  of  this  shortage 
honeybees  are  forced  to  resort  to  red  clover,  with  resulting  large  yields  of 
seed 

In  the  eastern  part  of  the  United  States  the  effect  of  high  rainfall  in  developing 
lIs  has  indirectly  reduced  the  possibilities  of  extensi' 
unless  lime  is  applied,  since  sweetclover  is  not  tolerant  of  acid  soils. 

GRASSES 

The  grasses  that  persist  naturally  in  any  given  region  over  a  long 
period  of  time  are  those  that  have  been  successful  in  adjusting  them- 
selves to  the  factors  that  limit  growth.  In  order  to  survive,  they 
have  to  withstand  the  extremes  of  drought,  cold,  and  wind,  as  well  as 
the  diseases  and  insects  of  the  region,  and  compete  successfully  with 
other  plants.  The  species  and  varieties  that  can  grow  to  maturity 
and  reproduce  in  competition  with  other  plants  are  the  ones  selected 


Figuhk  rvational  plantings  of  blue  grama  at  Lincoln.   \ebr..  pradhncd  from 

seed  obtained  in:   A,  Oklahoma:   t  /'.   .Nebraska. 
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by  nature's  cut-and-try  process  to  cover  the  land.  Darwin  has  given 
a  vivid  picture  of  this  struggle  for  existence,  calling  the  selective 
process  the  "survival  of  the  fittest."  Over  a  period  of  hundreds  of 
thousands  of  years  nature  has  produced  an  adapted  vegetation,  the 
distribution  of  which  is  governed  almost  entirely  by  climate.  An 
example  of  the  variations  that  result  from  climate  is  shown  in  blue 
grama  grass  in  figure  8. 

The  first  settlers  on  our  eastern  shores  destroyed  the  natural 
vegetation  and  substituted  for  it  various  kinds  of  cultivated  and 
grassland  crops.  This  substitution  gradually  progressed  westward 
until  crops  replaced  the  natural  vegetation  developed  by  nature  on 
practically  all  land  of  any  agricultural  value.  When  the  farmers 
brought  with  them  crop  seeds  from  the  Old  World,  they  carried  on  a 
process  of  cut  and  try  very  much  as  nature  did  to  find  out  which  crops 
were  best  adapted.  The  only  difference  was  that  the  farmer  took 
only  a  few  hundred  years  to  make  his  pattern,  whereas  nature  took 
many  thousands  of  years  in  perfecting  hers. 

The  climatic  conditions  common  to  the  various  regions  of  the 
United  States  are  essentially  the  same  today  as  when  the  first  European 
settlers  arrived.  The  environment,  however,  has  been  modified 
through  intensive  land  use  and  more  complete  utilization  of  the  grass. 
The  plant  breeder  is  developing  new  forms  of  grasses  better  adapted 
to  the  ever-changing  cropping  environment  and  the  intensive  manage- 
ment practices  now  in  use.  In  the  arid  and  semiarid  regions  the 
native  grasses  are  well  adapted  to  the  prevailing  climatic  conditions 
and  provide  an  abundance  of  types  that  can  be  fitted  into  the  changing 
environment  and  changing  management  practices. 

In  the  more  humid  areas  of  the  United  States,  for  example,  par- 
ticularly in  the  Southeast,  emphasis  is  needed  on  adaptation  to  lower 
levels  of  soil  fertility  and  use  in  more  intensive  cropping  systems 
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Figure  9. — Grasslands  of  the  United  States,  showing  the  dominant  type  of  grasses 
in  each  region  as  determined  by  the  climate. 
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regions  to  which  the  various  grasses  are  adapted.  Brown  found  that  the  optimum 
temperature  for  the  production  of  forage  from  Kentucky  and  Canada  bluegrass 
was  between  80°  and  90°  F.;  for  orchard  grass  it  was  70°  F.;  while  Bermuda 
grass  was  more  productive  at  100°  than  at  any  lower  temperature.  Root  and 
rhizome  development  were  influenced  by  varying  temperatures;  60°  was  found 
to  be  the  most  favorable  temperature  for  Kentucky  bluegrass,  50°  for  Canada 
bluegrass,  and  70°  for  orchard  grass.  Chemical  composition  was  found  to  be  affect- 
ed by  temperature,  the  crude-fiber  content  of  the  herbage  increasing  as  the  tem- 
perature increased  from  40°  to  60°  whereas  the  crude-protein  content  declined 
slightly. 

Grasses  are  annuals  and  perennials.  Annuals  predominate  only  in  a  compara- 
tively small  area  along  the  southern  part  of  the  Pacific  slope  (region  6  in  fig.  9)  but 
perennials  carpet  vast  areas  in  all  parts  of  the  country  with  green.  Because  of 
this  wide  distribution,  the  perennial  grasses  must  be  able  to  survive  wider  ranges 
of  moisture  and  temperature  than  such  annual  crops  as  the  cereals,  and  they  must 
also  be  able  to  produce  despite  frequent  defoliation  during  periods  of  limited 
moisture,  high  temperatures,  or  other  climatic  extremes. 

Moisture  requirements  determine  the  distribution  of  grasses  not  only  in  broad 
regions  but  also  within  regions.  For  example,  in  the  humid  South,  carpet  grass 
and  St.  Augustine  grass  are  best  adapted  to  moist  areas  and  Bermuda  grass  and 
centipede  grass  to  the  drier  situations.  In  the  humid  North,  reed  canary  grass 
and  redtop  are  considered  wet-land  grasses,  while  Canada  bluegrass  and  brome- 
grass  are  good  examples  of  grasses  adapted  to  conditions  of  limited  moisture.  In 
the  semiarid  regions  the  grama  grasses  and  buffalo  giass  can  endure  long  periods 
of  limited  rainfall,  while  the  bluestems  and  certain  of  the  wheatgrasses,  such  as 
western  wheatgrass,  require  moist  situations  for  survival. 

Sudan  grass  is  able  to  grow  vigorously  in  relatively  dry  soils  at  midsummer 
temperatures.  It  is  well  adapted  to  the  prevailing  climatic  conditions  in  the 
central  and  southern  Great  Plains.  It  is  also  grown  extensively  as  a  supplement- 
ary pasture  and  hay  crop  in  the  North  Central  States.  This  grass  appears  to  be 
well  adapted  in  the  Southeastern  States,  but  the  climate  is  so  favorable  for  the 
growth  of  disease  organisms  parasitic  on  Sudan  grass  that  the  crop  is  greatly 
limited.  The  plant  breeder  now  has  promising  strains  highly  resistant  to  the 
more  common  diseases  in  the  region.  The  indirect  effect  of  climate  ir  favoring 
disease  on  an  otherwise  well-adapted  crop  plant  is  greatly  reduced  by  the  produc- 
tion of  resistant  varieties. 

Crested  wheatgrass  is  one  of  the  most  cold-  and  drought-resistant  grasses  grown 
commercially  in  the  United  States.  For  this  reason  it  is  particularly  well  suited 
to  the  northern  Great  Plains,  where  its  use  for  hay  and  pasture  has  expanded 
greatly  in  recent  years.  It  has  also  given  good  results  in  eastern  Washington 
and  Oregon  where  the  moisture  is  limited,  and  at  altitudes  of  5,000  feet  or  more 
farther  south.  It  is  not  adapted  to  the  milder  climate  of  the  southern  Plains, 
and  under  the  more  favorable  moisture  conditions  of  the  Eastern  States  it  is 
not  equal  to  timothy  and  other  adapted  grasses. 

There  has  been  an  erroneous  idea  that  the  native  dry-land  grasses  adapted  to 
the  Great  Plains  would  be  desirable  for  dry  summers  in  the  humid  East.  Numer- 
ous tests  with  dry-land  grasses  in  the  humid  sections,  however,  have  shown  them 
to  be  lower  in  production  than  locally  adapted  species  except  possibly  during 
short  periods  of  severe  drought.  Only  one  grass,  bromegrass.  originally  considered 
of  value  mainly  for  dry-land  conditions,  has  become  important  in  the  humid  East, 
where  it  is  of  value  as  a  summer  drought-resistant  grass.  Reed  canary  grass  is 
interesting  in  that  it  will  make  excellent  growth  with  limited  moisture — an  un- 
usual characteristic  for  a  grass  adapted  to  moist  conditions. 

Moisture  is  a  factor  also  in  the  winter  survival  of  grasses,  especially  those  in 
the  dry  northern  Plains.  The  loss  of  grass  stands  during  the  winter  months  is 
often  ascribed  to  winter  killing  or  low  temperatures  when  in  reality  it  is  due  to 
lack  of  moisture,  or  desiccation  of  plant  tissues.  No  doubt  this  factor  has  played 
a  part  in  determining  the  grass  cover  in  different  areas.  In  such  cases  the  effects 
of  moisture  and  temperature  are  closely  related. 

In  general  it  can  be  said  that  the  grasses  adapted  to  the  humid  regions  are 
more  influenced  by  varying  temperatures  than  are  those  adapted  to  the  dry 
lands.  Blue  grama  grass,  one  of  the  most  widely  distributed  and  desirable  species 
of  the  Plains,  continues  to  make  growth  under  temperatures  varying  from  60° 
to  110°  F.  Under  favorable  moisture  conditions,  summer  temperatures  have 
never  been  high  enough  to  retard  the  growth  of  the  common  summer-growing 
native  species.     On  the  other  hand,  crested  wheatgrass  makes  little  or  no  growth 
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during  periods  of  high  temperature.  Its  behavior  is  similar  to  that  of  Kentucky 
bluegrass  in  the  humid  regions;  both  make  their  maximum  growth  during  the 
months  of  medium  temperature  in  spring  and  fall  and  become  dormant  during 
months  of  high  temperature.  In  the  South  lack  of  cold  resistance  limits  the 
distribution  of  many  desirable  pasture  grass 

The  effect  of  shade  or  light  influences  the  growth  and  development  of  gra- 
a  lesser  degree.     Certain  grasses  have  the  inherent  ability  to  survive  under  re- 
duced light,  while  many  others  are  adversely  affected.     Development  of  g 
adapted  to  growing  in  partial  shade  is  especially  important  for  lawns.     In  the 
North  the  fescues — red  fescue  and  chewing  fescue — and   rough   stalk    bl 
are  the  most  important,  while  in  the  South  St.  Augustine  grass"  is  best  adapted  to 
the  shade.     The  latter  two,  however,  require  ample  moisture  for  growth,  while 
the  fescues  will  grow  with  limited  moisture.     Orchard  grass,  one  of  the  better 
pasture  grasses,  will  grow  under  partial  shade.     Intensity  of  light  and  length  of 
day   have  a  marked  influence   on  leaf  and   seed   development  of  many   native 
grasses.     The  effect  of  shade  in  retarding  the  growth  of  undesirable  grasses  may 
be  beneficial,  as  in  the  control  of  crabgrass  in  lawns.     Crabgrass  requires  ample 
light  for  growth,  and  if  desirable  grasses  are  allowed  to  grow  tall  enough  to  shade 
the  crabgrass  seedlings,  they  may  be  materially  reduced  or  eliminated. 

Wind  helps  to  determine  the  rate  of  evaporation  and  thus  influences  the  mois- 
ture supply.  It  is  also  a  factor  in  spreading  or  retarding  fungus-disease  attacks, 
especially  in  the  case  of  turf  grasses. 

LESPEDEZA  AND  OTHER  LEGUMES 
Lespedeza 

In  the  areas  of  heavy  rainfall  in  the  Southern  and  Southeastern 
States,  much  of  the  lime-deficient  soil  is  too  acid  for  successful  and 
profitable  production  of  such  legumes  as  red  clover  and  alfalfa.  A 
well-adapted,  acid-tolerant,  nitrogen-fixing:  legume  in  the  cropping 
system  of  this  region  was  badly  needed  to  keep  up  the  productivity 
of  the  soil.  Plant  explorers  and  plant  breeders  finally  found  such  a 
legume  in  lespedeza.  In  the  short  period  of  approximately  two 
decades  its  use  has  spread  to  about  20  million  acres  of  land. 

The  climate  of  the  eastern  half  of  the  United  States  south  of  the 
Great  Lake?  is  especially  favorable  to  lespedeza 
the  one-hundredth  meridian  in  the  Great  Plains  region  the  crop  has 
not  been  successful.  The  relative  importance  of  the  various  factors 
of  climate  in  their  influence  on  growth  has  not  been  definitely  deter- 
mined, but  a  high  rainfall,  well  distributed  throughout  the  growing 
season,  together  with  relatively  high  humidity  and  temperature, 
seems  essential  for  the  best  result?  with  this  very  useful  crop.  The 
heavy  rainfall  of  the  East  results  in  leaching  and  an  acid  soil  condition 
which,  together  with  other  changes,  is  detrimental  to  the  growth  of 
many  plant?,  but  lespedeza  is  able  to  make  successful  growth  under 
-  conditions  and  to  overcome  the  competition  of  other  pla- 

Length  of  day  as  determined  by  latitude  also  affects  the  adaptation 
of  varieties  of  lespedeza.     Common  lespedeza  -t  in  the 

southern  half  of  the  eastern  part  of  the  United  States  and  K 
lespedeza  in  the  central  and  more  northern  part.     Only  the  earliest 
maturing  varieties  of  Korean   lespedeza  mature  seed  in   the  Great 
Lakes  section,  and  only  common  lespedeza  -  im  bor- 

dering the  Gulf  of  Mexico. 

While  lespedeza  is  happily  at  home  in  t hi-  va=t  area  from  r 
Lakes  to  the  Gulf  of  Memo  and  from  the  Atlantic  .  the 

Ozark  Mountains,  it  i?  only  in  recent  year?  that  the  crop  ha- 
.  ■■  i 
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major  importance.  The  reason  is  that  Korean  lespedeza,  the  variety 
best  suited  to  much  of  this  area,  was  not  introduced  until  December 
1919.  Since  that  date,  however,  it  has  been  planted  on  millions  of 
acres  of  farm  lands  and  on  eroding  fields  and  roadways  and  has 
materially  improved  the  standard  of  living  of  many  people  in  the 
region. 

Miscellaneous  Legumes 

Crotalaria  {12)  is  also  adapted  to  poor  acid  soils  and  a  humid  climate,  but  it 
demands  higher  temperatures  than  lespedeza.  This  limits  it  to  the  Southeast, 
where,  on  sandy  and  sandy  loam  soils,  it  is  an  excellent  cover  and  soil-improving 
crop.  Climatic  conditions  in  the  western  half  of  the  United  States  do  not  seem 
to  be  favorable  to  the  growth  of  crotalaria. 

Although  the  area  planted  to  velvetbeans  {22)  each  season  exceeds  2  million 
acres,  they  are  limited  to  the  lower  Cotton  Belt  and  were  extended  into  Georgia 
and  Alabama  only  by  the  use  of  early-maturing  varieties.  Velvetbeans  like  a 
warm  climate  with  plenty  of  moisture.  The  cowpea  {16)  can  be  grown  some- 
what farther  north,  and  the  total  acreage  exceeds  6  million.  Diseases  and  para- 
sites that  thrive  in  warm  climates  have  tended  to  limit  the  usefulness  of  this  crop 
and  have  necessitated  the  development  of  resistant  varieties.  Because  cowpeas 
and  velvetbeans  are  among  the  few  legumes  well  adapted  to  the  lower  South, 
they  are  vital  in  the  economic  life  of  the  southern  farmer. 

Climatic  factors  very  largely  determine  the  possible  use  of  cover  and  green- 
manure  crops  for  soil  improvement.  Field  peas  {14),  vetches  {13),  bur-clovers 
{11),  and  crimson  clover,  which  are  winter  annuals  under  mild  climatic  conditions, 
require  comparatively  high  mean  minimum  winter  temperatures  for  successful 
growth.  The  minimum  growth  temperature  varies  with  the  different  crops  and 
this  determines  which  ones  can  be  used  most  advantageously  in  a  given  locality. 
Since  the  zero  growth  point — the  minimum  temperature  at  which  a  plant  will 
make  any  growth — is  directly  correlated  with  its  winter  hardiness,  or  its  ability 
to  stand  low  temperatures  without  being  killed,  the  absolute  minimum  tempera- 
ture as  well  as  the  mean,  or  average,  minimum  is  a  factor  in  determining  the 
possible  use  of  certain  crops  in  a  given  area.  Austrian  winter  field  peas,  for 
instance,  commonly  used  as  a  winter  cover  crop  in  the  South,  have  a  lower  zero 
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Figure   11. — Forage  crops  adapted  to  the  various  climatic  regions  of  the  United 
States.     A,    Lespedeza;    B    and    D,    winter-annual    legumes;     C,    velvetbeans     and 

crotalaria. 
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latitude.  The  climate  is  also  somewhat  similar.  In  both  regions  the  summers 
are  warm,  the  winters  extremely  cold,  and  the  rainfall  averages  about  the  same, 
though  it  is  more  dependable  in  Manchuria  during  the  growing  season.  The 
winters  of  Manchuria  are  dry,  the  drought  extending  into  late  spring  with  only 
sufficient  rainfall  in  May  and  early  June  to  start  the  beans  and  other  crops.  The 
temperature  is  highest  in  July  and  August  when  the  so-called  rainy  season  gives 
nearly  75  percent  of  the  total  annual  rainfall.  In  September  and  October  the 
rainfall  decreases  sharply  and  is  followed  by  weather  favorable  for  the  ripening 
of  the  beans. 

In  a  study  of  soybean  culture  in  Germany  and  of  the  differences  between  the 
climate  of  that  country  and  Manchuria,  Riede  (2S)  found  that  it  is  quite  possible 
to  grow  soybeans  successfully  in  any  region  in  which  there  is  a  5-month  period  of 
growth  with  a  total  heat  accumulation  of  2,400°  C.  (4,320°  F.)  from  May  to  Sep- 
tember and  an  annual  precipitation  of  12  inches.  Lack  of  sufficient  moisture  and 
warmth  during  the  growing  season  undoubtedly  accounts  for  the  poor  results 
obtained  in  the  northwestern  part  of  the  United  States,  which  is  in  the  same  lati- 
tude as  Manchuria.  In  the  Philippines  (24)  plantings  made  during  the  rainy 
season  produced  taller  plants  with  more  branches  and  gave  greater  yields  of  seed 
than  those  made  in  the  dry  season. 

The  United  States  now  ranks  second  in  acreage  and  third  in  production  of  soy- 
beans. No  records  of  the  first  introduction  of  the  soybean  into  the  United  States 
are  available,  but  it  is  mentioned  in  writings  in  the  early  nineteenth  century.  It 
was  not  until  the  latter  part  of  that  century,  however,  that  tests  were  undertaken 
by  the  State  experiment  stations  and  the  United  States  Department  of  Agriculture. 
In  1939  the  acreage  for  all  purposes  was  10,006,000  and  the  production  of  seed 
87,409,000  bushels.  The  major  part  of  this  production  is  concentrated  in  the 
Corn  Belt. 

Soybeans  are  sensitive  to  length  of  day  (4) ,  and  no  one  variety  is  suitable  over 
a  wide  range  of  latitude.  In  the  North,  where  the  days  are  long  during  the  sum- 
mer, the  tall-growing  varieties  adapted  to  the  Southern  States  often  fail  to  bloom 
and  will  not  mature  seed.  Conversely,  a  tall,  high-seed-yielding,  late-maturing 
northern  variety  planted  in  the  Southern  States  grows  only  a  few  inches  high, 
blooms  within  a  few  weeks  after  planting,  and  matures  a  small  crop  of  seed  in 
midsummer  under  the  relatively  short  day  length  (fig.  12). 
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Figure  12. — Heights  and  dates  of  maturity  of  early,  medium-early,  and  late  varieties 
of  soybeans  grown  in  four  different  latitudes  in  North  America  in  1930. 
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In  high  altitudes  in  the  Western  States,  where  cool  nights  prevail  during  the 
growing  season,  varieties  normally  adapted  to  these  latitudes  produce  abundant 
vegetative  growth  but  fail  to  mature  seed. 

Climate  has  been  found  to  have  a  marked  influence  on  the  composition  of  soy- 
bean seed;  the  percentages  of  oil  and  protein  and  the  iodine  number  in  any  variety 
vary  from  season  to  season  on  the  same  type  of  soil. 

The  period  of  germination  is  the  most  critical  stage  for  soybeans;  excess  moisture 
or  prolonged  drought  at  this  time  is  likely  to  be  injurious.  When  well  started, 
soybeans  withstand  short  periods  of  drought,  and  a  wet  season  does  not  seriously 
retard  growth  or  decrease  yields.  They  are  less  susceptible  to  frost  than  are 
cowpeas,  field  beans,  or  corn,  light  frosts  having  little  effect  on  the  plants  when 
young  or  nearly  mature. 
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Climate  and  Grazing 


Bv  W.  R.  Chaplixe  axd  C.  K.  Cooperrider 


IN  THE  \^  E^T.  it  you  could  not  £et  aloii£  with  the  Indian,  vou 
fought  him.  The  -aine  tactic-  will  not  work  with  the  climate. 
Many  people  have  tried  to  tight  the  climate  on  the  ran^e.  hut 
in  the  long  run  it  get-  them.  On  the  other  hand,  it  is  a  pretty 
good  friend  if  you  learn  how  to  get  along  with  it.  Here  i-  an 
article  on  that  -ubject  in  relation  to  the  cattle  and  sheep  bu-i- 
It  include-  a  brief  discosaon  of  pa-tureland  in  relation  to 
climate,  but  most  of  it  i-  about  the  range. 


W.  R  Principal  Inspect 
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58  of  settlement  in  our  country  in  a  sense  records  the 
influence  of  climate  on  forage.  Grassy  openings  in  the  forests  of  the 
Atlantic  Coastal  Plain  supported  the  few  animals  of  the  early  colonists. 
and  larger  openings  enabled  adventurous  settlers  to  move  west- 
ward. The  vast  tree. bsg  g  —lands  farther  west  fed  the  animals  of 
pack  and  wagon  trains  which  carried  trappers,  hunters,  traders,  and 
explorers  throughout  the  West.  These  grasslands  enabled  the  Eng- 
lish from  the  East  to  set  up  the  commerce  of  the  prairie  and  to  pene- 
trate the  Spanish  settlements  where,  long  before,  the  conquistadores 
had  taken  advantage  of  another  grassland — the  semidesert — to  es- 
tablish the  first  range  industry  in  what  is  now  our  Southwest. 

more  and  more  settlers  pushed  into  all  parts  of  the  country,  the 
area  of  natural  grazing  grounds  was  reduced,  but  at  the  same  time 
new  grazing  resources  were  developed.  The  best  of  the  former  virgin 
arids  now  grow  corn  and  wheat.  Pastures  dot  areas  originally 
in  forest,  and  spots  in  desert  wastes  have  been  transformed  into  highly 
productive  feeding  grounds  through  irrigation.  Failure  to  recognize 
or  to  heed  the  limitations  climate  sets  on  successful  grazing  or  farming 
has  made  for  heartaches  and  disappointments;  where  such  develop- 
ments have  been  in  harmony  with  climate,  the  farmer  and  stockman 
have  prospered. 

Today  more  than  a  billion  acres,  nearly  60  percent  of  the  total  land 
area  of  the  United  St;.  -  -  _ razed  during  at  least  part  of  each  year. 
This  vast  acreage  furnishes  approximately  half  the  feed  for  69  million 
cattle  and  54  million  sheep  and  a  considerable  part  of  the  feed  for  58 
million  head  of  swine.  These  pasture  and  range  lands  are  the  main- 
stay of  the  beef-cattle  and  wool-producing  industries  and  help  to 
support  the  great  dairy  industries  of  the  Xorth  Central,  Northeastern, 
uid  northern  Pacific  C      sfl    St   tee    is  bb  the  mohair-producing 

industry  of  the  Souths    si 

Though  there  is  much  that  is  not  known  about  the  influence  of 
climate  on  grazing,  experience  and  research  to  date  indicate  many 
important  relationships  that  justify  consideration.  Management  of 
cultivated  pastures  ordinarily  aims  so  to  graze  the  land  as  to  produce 
as  much  young  green  growth  as  possible.  On  the  western  range,  be- 
cause of  limited  precipitation  and  uncertainty  of  regrowth.  manage- 
aimed  at  utilizing  the  various  forage  plants  during  the 
periods  when  they  are  of  the  most  economic  value.  Many  grasses  in 
stem  range  area  cure  on  the  stalk  and  furnish  desirable  forage 
after  matur:" 

Most  of  the  tame  pastures  or  grazing  resources  that  have  been 

developed  on  cultivated  lands  are  in  the  humid  East  or  in  irrigated 

-  of  the  West.     The  natural  grazing  grounds — the  range  lands — 

occur  in  the  semiarid  West,  in  open  timber  stands  of  the  South,  and 

in  the  Ozark  and  similar  highlands. 

PASTURE-  ON  CULTIVATED  LANDS 

In  general,  cultivated  pastures  have  been  developed  where  moisture 
and  soils  assure  abundant  forage  growth  throughout  the  grazing  season. 
Grazing  is  ordinarily  postponed  at  the  beginning  of  "the  season  to 

start.    By  judicious  grazing,  continuously 
or  in  rotation,  a  maximum  of  young  nutritious  growth  is  kept  before 


Climate  and  Grazing     •     461 

the  grazing  animals.  Then  growth  is  rapid.  As  the  temperature  rises 
y  the  summer  months,  and  especially  if  the  season  is  very  dry, 
|Mkihiii  production  decreases  and  stem  growth  exceeds  that  of  leafage, 
which  results  in  more  crude  fiber  and  less  protein.  The  occasional 
combination  of  unusually  low  rainfall  and  high  temperature  in  the 
humid  East  results  in  drought  conditions  that  may  seriously  curtail 
production  in  some  years.  In  the  South  a  number  of  introduced  pas- 
ture giJMUftii  make  rapid  growth  under  high  temperatures,  but  they 
require  abundant  moisture  and  fertile  soil. 

There  are  two  regions  of  pasture  grazing  in  the  East,  the  northern 

and  the  southern,  divided  roughly  by  a  line  from  northeastern  North 

na  southwest  around  the  point  of  the  Appalachian  Mountains 

in  north  Georgia  and  north  and  west  through  Tennessee  to  Oklahoma. 

>rth,  with  its  warm  to  cool  humid  climate,  Kentucky  and 

Canada    bluegrasses    (Poa    pratensis    and    P.    compressa),    timothy 

{PkLeum  prate.nse  i.  and  clovers  (Trifolium,  spp.)  are  among  the  princi- 

isture  plants;  and  pastures  are  largely  tame  and  permanent  or 

are  planned  to  fit  in  with  crop  rotations.    Grazing  capacities  are  high. 

Climate  restricts  grazing  to  warm  weather;  hence  feeding  is  required 

hi  winter,  and  the  agriculture  therefore  must  include  production  of 

hay  and  grain  and  harvested  forage. 

By  contrast,  in  the  South  pasturage  is  the  main  source  of  livestock 

feed,  and  improved  pastures  may  be  grazed  for  most  of  the  year. 

Tfce   more    important    permanent    pasture    plants — Bermuda    grass 

(Cymodwn,  dmetylon),  carpet  grass  (Axonopus  compressus),  Dallis  grass 

iPmspalwm,    dilatatum,) ,    and    iespedeza     {Lespedeza    striata) — afford 

pasturage  in  warm  weather.    The  permanent  pastures  are  often  supple- 

wmAmi  by  temporary  pastures    in  which  Napier  grass     Pi   wimtx  m 

pwpweum,)  and  pearl  millet  (P.  glaucum,)  play  an  important  part. 

Winter  pasture  is  made  up  chiefly  of  winter  grains  and  ryegrasses. 

sive  use  is  also  made  of  the  natural  forage  growth  of  piney  woods, 

-    and  swampy   areas.     The  abundant  forage  pro- 

.  on  the  wild  lands  of  Florida  and  along  the  Gulf  coast  of  Texas 

:ought  about  the  development  of  a  range-cattle  business  in  those 

-"hough  many  of  these  native  ranges  are  grazed  throughout 

the  year,  the  low  nutritive  value  of  the  vegetation  in  the  fall  and  winter 

-  *:he  need  for  a  better  seasonal  balance  between  them  and 

cultivated   pastures.     Many   progressive  stockmen  supplement   the 

■stive  vegetation  with  concentrated   feeds   and    minerals.     The  hot 

humid  climate  of  the  South  is  unusually  favorable  to  parasites,  and 

these  have  seriously  limited  livestock  production. 

Though  the  West  is  the  home  of  the  range  industry,  pastures  con- 
stitute an  important  part  of  the  grazing  resource  there.  In  the  humid 
coastal  strip  of  the  Pacific  Northwest,  pasture  conditions  are  some- 
what similar  to  those  in  the  Northeast,  and  in  addition,  because  of  the 
wM  climate,  some  winter  annuals  common  to  the  southern  pasture 
■tii-iufiilly  grown.  The  south  Pacific  area  is  less  humid, 
hot  and  dry,  rains  come  in  winter,  and  pasturage,  except 
nfined  mostly  to  winter  annuals. 
In  the  semiarid  range  country,  particularly  north  of  Arizona,  New 
"Jiygjff^  sod  Tex;i-  ral  meadows  in  low  valleys,  together  with 

and  irr  _  oplands,  are  the  centers  about  which 

-  revolve.    Although  small  in  area  and 
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scattered,  they  are  highly  productive  sources  of  winter,  spring,  and 
fall  feed  for  the  cattle  and  sheep  that  graze  on  the  high-mountain 
range  in  summer  and  more  or  less  on  lower  ranges  during  the  rest  of 
the  year.  The  irrigated  pastures  of  low,  warm  valleys,  such  as  those  in 
Arizona  and  California,  winter-graze  hundreds  of  thousands  of  range 
sheep.  They  also  produce  a  large  share  of  the  winter  lambs  consumed 
in  the  United  States  and  fatten  much  beef. 

Studies  of  suitable  drought-resistant  forage  plants  for  dry -farming 
areas  have  been  carried  on  by  the  Bureau  of  Plant  Industry  in  cooper- 
ation with  State  agricultural  experiment  stations  for  the  past  30  or  40 
years.  It  is  only  during  the  last  decade  or  so,  however,  that  extensive 
plantings  of  such  drought-resistant  plants  as  crested  wheatgrass 
have  been  made  generally  throughout  much  of  the  dry-farming  area 
of  the  West.  These  plantings,  together  with  studies  of  the  adaptability 
of  numerous  native  and  introduced  plants,  have  clearly  shown  that 
local  types  or  strains  have  developed  to  meet  the  special  climatic 
conditions  under  which  they  have  grown  for  many  years.  Plant 
breeding  is  now  taking  advantage  of  these  natural  selections  in  order 
to  develop  the  most  productive  strains  for  adverse  farming  conditions. 
Production  of  forage  on  the  dry-farm  pastures  varies  from  year  to  year 
with  variation  in  the  amount  of  rainfall  and  with  differences  in  other 
climatic  factors,  but  evidence  is  available  to  indicate  that  it  does  not 
vary  as  greatly  when  adaptable  species  are  used  on  suitable  cultivated 
lands  as  it  does  on  the  native  range. 

THE  WESTERN  RANGE 

The  western  range  includes  the  remaining  extensive  areas  of  natura 
grazing  grounds,  among  which  grasslands  take  a  prominent  place  in 
size  and  value.  It  also  includes  the  shrub-grass  areas  like  those  of 
sagebrush  in  Idaho  and  Wyoming  and  of  salt-desert  shrub  in  Nevada 
and  Utah,  and  the  open-stand  timberlands  of  mountains  and  plateaus. 
Within  the  same  territory  are  large  and  small  areas  with  little  forage 
growth — principally  densely  timbered  lands  and  low,  hot  deserts. 

The  grazing  area  has  shrunk  through  the  years.  In  some  places 
much  of  the  sod  has  been  turned  under,  notably  in  the  so-called  Dust 
Bowl  of  the  southern  Great  Plains;  in  others,  the  plow  has  cut  stringers 
and  spots  through  grass  and  sagebrush.  Because  of  inadequate  pre- 
cipitation for  farming,  some  of  the  plowed  lands  are  now  coming  back 
to  range. 

This  range  area  furnishes  65  percent  of  the  forage  for  the  livestock 
in  the  territory.  From  the  higher  mountain  areas,  most  of  which  are 
grazed,  comes  the  water  for  the  extensive  irrigation  developments, 
for  power,  and  for  municipal  water  supplies. 

There  are  several  distinct  range  types,  the  occurrence  of  each 
depending  largely  on  climatic  factors.  These  types  are  briefly 
described  at  the  end  of  this  article,  after  the  discussion  of  climate  in 
relation  to  range  conditions  in  general,  and  especially  to  management 
practices. 
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Influence  of  Climatic  Factors  on  Forage  Production 

The  climate  of  the  range  territory  is  not  conducive  to  forage  produc- 
tion comparable  to  that  in  humid  or  even  subhumid  regions.  At  best 
it  is  largely  semiarid,  and  much  of  it  is  arid.  Moreover,  the  great 
fluctuations  in  weather  are  a  critical  factor  in  range  conservation  and 
in  sound  economic  use  of  range  forage  for  livestock  production. 
Accordingly  the  influence  of  the  several  important  climatic  factors 
will  be  discussed  separately. 

Precipitation 

Annual  precipitation  on  the  range  averages  less  than  20  inches,  and 
over  most  of  the  area  it  is  less  than  15,  with  vast  stretches  receiving 
less  than  10.  Only  in  limited  mountain  areas  is  annual  precipitation 
greater  than  25  inches.  In  the  Plains  area  rainfall  is  relatively  favor- 
able during  the  summer  growing  season,  but  west  of  the  Rockies, 
except  in  Arizona  and  New  Mexico,  summer  rainfall  is  light,  and  at 
lower  elevations  in  California  it  is  almost  negligible. 

Fortunately  range  vegetation  is  adapted  to  such  low  and  uncertain 
precipitation.  The  principal  forage  plants  are  bunchgrasses,  or  semi- 
turf-formmg  grasses,  which  ordinarily  cover  only  50  to  70  percent  of 
the  soil  surface  even  under  the  most  favorable  conditions.  This 
permits  their  roots  to  draw  from  the  ground  between  the  tufts. 
Broadly  speaking,  where  the  annual  rainfall  is  lower,  the  more  drought- 
resistant  or  drought-enduring  plants  grow  in  thinner  stands.  On 
especially  arid  areas,  the  stand  often  covers  less  than  10  percent  of  the 
soil  surface. 

Such  conditions  are  reflected  to  some  degree  in  the  grazing  capacity 
of  the  range.  This  is  also  affected,  of  course,  by  numerous  factors 
other  than  precipitation,  such  as  the  character  of  the  vegetation,  soil, 
topography,  and  management.  Nevertheless,  there  are  rather  definite 
broad  relationships  between  annual  precipitation  and  relative  grazing 
capacity  as  determined  by  recent  surveys  throughout  the  West. 
Table  1  shows  these  broad  relationships  expressed  in  comparable 
units  of  acres  per  cow  on  the  basis  of  yearlong  grazing. 


Table 


. — Relative  grazing  capacity  of  range  land  in  relation  to 
average  annual  precipitation 


Average  annual  pre- 
cipitation (inches) 

Grazing 
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for  range 

in  good 
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Approximate 
present  aver- 
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large  areas 

Average  annual  pre- 
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for  range 

in  good 
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present  aver- 
age grazing 
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Urge  areas 

0-5 

Acres 

Acres 



25-30                    

Acres 
12-35 
8-15 
3-12 

Acres 

15-50 

60-200 

2iH)  «>r  more 

10-40 

10-15      . 

Over. iU             

3-20 



;  Number  of  acres  re  piire  I  to  supp  »i  I  a  e  m  for  a  year. 

It  will  be  noted  in  table  1  that  there  arc  rather  Large  variations  in 

grazing   capacity    within    most    precipitation    zones,    even    when    the 

is  in  good  condition.     This  i>  due  to  the  factors  other  than  pre- 
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cipitation.  Variations  are  greatest  in  the  low-rainfall  zones.  Grazing 
capacity  of  ranges  generally  is  considerably  less  than  that  of  those  in 
good  condition,  and  thus  much  of  the  range  area  is  not  now  producing 
the  forage  it  is  capable  of  producing. 

The  production  of  forage  in  any  year  is  also  influenced  by  the 
character  and  distribution  of  the  rainfall  during  the  year.  The 
Southwestern  Forest  and  Range  Experiment  Station  has  found  that 
rains  of  less  than  one-half  inch  are  insufficient  to  promote  growth  of 
perennial  range  grasses  unless  they  are  preceded  or  followed  by  more 
effective  rain.  Since  a  high  percentage  of  the  precipitation  during  the 
growing  season  falls  in  storms  of  less  than  one-half  inch,  much  of  it 
is  not  effective  or  is  effective  only  in  a  small  degree.  Moreover,  in 
occasional  hard  rains  a  high  proportion  of  the  water  runs  off  and  is 
lost  to  range  plants  unless  the  vegetative  cover  is  in  a  vigorous  condi- 
tion and  the  surface  soil  is  open  and  friable  so  that  it  can  absorb  a 
high  proportion  of  the  rainfall. 

In  studies  on  the  Boise  National  Forest  in  Idaho  (S),2  for  example, 
rains  of  approximately  1%  inches  falling  in  half  an  hour  were  almost 
completely  absorbed  on  slopes  of  30-  and  40-percent  gradient  when 
these  slopes  were  covered  with  a  stand  made  up  largely  of  perennial 
wheatgrass  having  a  density  of  about  35  percent.  In  contrast  to 
this,  on  deteriorated  range  in  the  same  region  34  percent  of  the  rainfall 
ran  off  as  surface  flow  from  land  supporting  annual  downy  chess  or 
cheatgrass,  and  64  percent  from  that  supporting  annual  weeds.  This 
clearly  indicates  the  advisability  of  maintaining  as  satisfactory  a 
forage  cover  as  possible. 

Drought 

Precipitation  on  the  range  varies  so  greatly  from  year  to  year  that 
drought  may  occur  in  any  year  or  in  a  series  of  2  to  5  or  even  more 
years.  In  southern  New  Mexico,  for  example,  in  each  cycle  of  8  to 
10  years,  3  or  4  consecutive  years  may  occur  during  which  precipita- 
tion is  enough  below  its  long-time  average  to  cause  conditions  that 
are  locally  considered  as  drought  (#).  The  semidesert  range  areas 
in  other  parts  of  the  Southwest  and  in  the  Intermountain  region  are 
subject  to  equally  serious  drought  conditions.  On  portions  of  the 
southern  Great  Plains  conditions  are  almost  as  bad.  In  the  less  arid 
and  in  the  northern  portion  generally  of  the  range  territory,  however, 
variations  in  rainfall  are  not  apt  to  be  so  great  nor  are  droughts  apt 
to  occur  so  frequently,  but  even  in  those  areas  extended  droughts  do 
occur  sufficiently  often  to  disrupt  livestock  production. 

During  the  last  25  years,  precipitation  has  been  lower  than  during 
the  preceding  30  to  35  years  over  most  of  the  West,  with  extreme 
drought  conditions  over  extensive  areas  in  1934  and  1936.  Gray  (5), 
moreover,  records  a  downward  trend  of  8  inches  with  a  mean  of  only 
approximately  29  inches  in  California  during  the  80-year  period  be- 
tween 1850  and  1930,  and  Campbell  (1)  has  traced  this  trend  through 
1934.  A  similar  downward  trend  has  been  noted  since  1908  by  the 
Northern  Rocky  Mountain  Forest  and  Range  Experiment  Station 
at  weather  stations  in  Montana,  Idaho,  and  Washington.  (See  p.  692 
for  charts  showing  precipitation  trends  in  various  regions  of  the 
United  States.) 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  475. 
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must  be  exercised  to  avoid  use  of  the  important  palatable  plants  before 
they  have  made  sufficient  growth  to  permit  sustained  grazing. 

In  perennial  grasses  growth  processes  are  proceeding  during  the 
winter,  even  under  snow,  when  plant  foods  stored  in  the  roots  the 
previous  fall  are  consumed  (9) .  Throughout  most  of  the  West,  active 
leaf  and  stem  growth  of  grasses  begins  sometime  in  the  spring,  after 
average  mean  daily  temperatures  are  above  40°  F.  The  range  is 
ready  for  grazing  several  weeks  later — in  the  mountains  of  central 
Utah  about  a  month  after  snow  has  disappeared  (2).  On  the  other 
hand,  certain  grasses,  such  as  blue  grama,  make  their  growth  during 
the  warm  months  of  June,  July,  and  August  or,  on  the  warm  south- 
western ranges,  as  early  in  June  or  July  as  moisture  is  favorable. 
Most  perennial  grasses  have  completed  their  growth  and  seed  produc- 
tion in  a  period  of  about  2  or  3  months  after  active  visible  growth 
starts.  Browse  plants  in  general  start  growth  in  the  spring  as  soon  as 
temperature  becomes  sufficiently  warm,  even  in  the  Southwest,  where 
the  main  production  of  herbaceous  plants  occurs  after  summer  rains 
start  in  late  June  or  July.  Such  rapid  completion  of  growth  processes 
by  range  plants  ordinarily  enables  them  to  escape  damage  from  early 
frosts  in  the  fall.  Frost  injury  may  lessen  the  value  of  some  browse 
foliage,  but  it  makes  other  browse  more  palatable. 

The  Southwest,  largely  because  of  its  mild  climate,  is  a  land  of 
yearlong  grazing;  it  also  affords  outstanding  examples  of  moving  stock 
with  the  seasons.  Hundreds  of  thousands  of  sheep  that  are  summered 
on  timbered  ranges  in  northern  Arizona  are  trailed  to  southern  desert 
ranges  and  irrigated  pastures  in  the  fall  and  back  to  the  mountains 
in  the  spring.  These  sheep  use  designated  trails  leading  from  the 
desert  through  low  to  high  mountain  areas;  some  flocks  travel  more 
than  200  miles. 

When  the  effect  of  the  warm  winter  rainy  season  on  forage  pro- 
duction is  over  and  annual  desert  herbs  begin  to  dry  up,  spring  is 
on  in  the  low  mountains,  and  snow  will  soon  be  gone  on  the  high 
summer  ranges.  It  is  time  for  the  sheep  herder  to  fold  his  tent, 
pack  the  burros,  and  start  the  long  trek  to  the  mountains.  Some- 
times he  must  move  slowly  because  of  little  lambs ;  if  the  lambs  have 
already  been  raised  and  marketed,  he  goes  faster  up  the  trail.  In 
any  event,  he  must  travel  with  the  development  of  the  season,  not 
too  rapidly,  for  he  does  not  want  to  reach  the  high  mountains  before 
the  snow  is  gone,  leaving  its  moisture  to  start  new  growth  under  the 
stimulus  of  rising  temperature,  or  before  the  summer  rains  begin. 
But  he  must  travel  rapidly  enough  to  leave  waning  waters  and  feed 
and  the  heat  of  the  desert  behind.  In  October  he  reverses  this 
practice,  dropping  lower  and  lower  toward  the  desert  as  winter  comes. 
By  the  time  sheep  arrive  in  the  desert,  lush  irrigated  pastures  await 
them.  Later,  if  rains  are  favorable,  the  desert  with  its  warm  daily 
temperatures  puts  forth  new  growth,  and  sheep  may  leave  the  high- 
cost  pastures  and  graze  there,  sometimes  depending  on  the  succulent 
plants  for  water  as  well  as  feed. 

Other  Climatic  Factors 

No  one  climatic  factor  acts  alone.  Relative  humidity,  evaporation, 
and  wind  all  have  important  relationships  to  range-plant  growth, 
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but  primarily  as  they  influence  the  effectiveness  of  available  precipita- 
tion. With  high  relative  humidity,  evaporation  and  transpiration 
are  relatively  low;  with  low  humidity,  evaporation  is  high,  and  so  is 
transpiration  if  moisture  is  available. 

Evaporation  from  a  free  water  surface  in  the  northern  Great 
Plains  during  the  growing  period  from  April  to  September,  inclusive, 
averages  about  34  iiehes  (6*).     It  increa-  -outh, 

and  in  the  southern  Great  Plains  from  April  to  September  averages 
55  inches.  Under  the  latter  conditions,  and  in  most  of  the  drier 
regions  typical  of  the  greater  part  of  the  western  range  area,  where 
evaporation  from  a  free  water  surface  is  even  greater,  evaporation 
severely  restricts  the  effectiveness  of  the  rainfall  available  for  plant 
md  thus  influences  the  growth  of ,  plants.  Approximately 
14  inches  of  rainfall  produces  good  growth  of  short-grass  species  in 
Montana,  whereas  21  inches  is  needed  for  comparable  growth  in  1 
(16)  because  of  the  high  evaporation  rate  in  the  b  3   tte. 

3t  range  plants  appear  to  use  much  of  the  moisture  that  is 
available  for  them  during  their  limited  growing  period,  but  there  is 
considerable  difference  in  the  relative  effectiveness  with  which  they 
utilize  an  adequate  w  ply  in  the  production  of  forage  (10). 

The  Southwester:  and  Range  Experini-       -       on  has  shown 

experimentally  by  studies  in  large  plots  under  range  conditions  on 
the   Tonto    National    I  :hat   if   sufficient    water  is  furnished, 

range  plants  will  transpire  approximately  as  much  watt  vapo- 

rated  from  a  free  water  surface,  and  this  averages  approximately  10 
inches  or  more  a  month  during  the  growing  period  in  that  area. 
But  range  plants  under  field  conditions  do  not  have  as  much  water 
as  that  to  transpire.  Actually  they  transpire  little  more  than  is 
evaporated  from  bare  soil  of  a  texture  comparable  to  that  on  which 
they  are  growing. 

Wind  velocity,  air  temperature,  and  relative  humidity  are  all 
active  elements  of  climate  directly  influencing  evaporation  rates  and 
amounts.  Accompanying  low  rainfall  in  drought  years  are  usually 
higher  temperatures,  lower  relative  humidity,  greater  evaporation, 
and  occasionally  higher  wind  velocities.  All  of  these  tend  to  accen- 
tuate the  difficulties  of  plant  production  during  drought  periods. 
On  the  Jornada  Experimental  Range  (IV.  for  example,  loss  of  as 
much  as  80  percent  of  the  stand  of  black  grama  occurred  between  the 
fall  of  1921  and  the  fall  of  19- _  result  of  the  extremely  severe, 

hot.  drying  winds  of  the  spring  of  1922.  combined  with  inadequate 
rainfall  in  July  1921. 

Importax  i    oi     Range    Management   i>    the   Solution  of 

Climatic  Problem- 
The  range  area  is  s  md  economic  use  in  livestock 

production  is  so  important  to  the  social  welfare  of  the  local  com- 
munities and  the  a  whole  that  it  is  vital  to  determine  how 
management  can  be  adjusted  to  offset  the  vagaries  of  weather.  There 
is  still  much  to  learn  about  the  climatic  relationships  and  the  con- 
servation and  use  of  the  range  resource.  Research  results  and 
practical  experience,  however,  have  rather  clearly  indicated  certain 
broad  principles,  practices,  and  basic  considerations  that  should 
govern  continued  use  of  range  lands  for  livestock  production. 
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Recognition  of  the  Submarginat  Character  of  Certain  Areas 

There  are  areas  in  the  West  that  are  clearly  submarginal  for  grazing. 
Other  areas,  submarginal  for  agriculture  because  of  limited  possibilities 
for  profitable  crop  production,  should  remain  as  range,  or  if  they  have 
been  cultivated  should  be  restored  to  range.  While  economic  and 
other  considerations  have  a  bearing  on  delimiting  such  areas,  climate 
alone  is  a  major  factor.  For  example,  where  the  average  annual 
rainfall  is  below  5  inches,  as  in  southeastern  California  and  southwestern 
Arizona,  the  available  moisture  is  too  scant  and  too  uncertain  to  sup- 
port sufficient  palatable  vegetation,  and  the  supply  of  water  for  live- 
stock is  so  scarce  and  so  costly  that  little  attempt  is  made  to  graze 
large  areas.  This  desert  does  furnish  occasional  winter  grazing,  but 
it  cannot  be  depended  upon.  Such  areas  are  clearly  submarginal  for 
grazing. 

Even  in  the  zone  where  rainfall  is  5  to  10  inches,  drought  is  so  fre- 
quent, the  forage  plants  are  of  a  type  so  susceptible  to  serious  deteriora- 
tion through  overgrazing,  and  water  is  often  so  scarce  and  costly  that 
some  parts  of  this  area  also  are  now  submarginal  for  economical 
yearlong  grazing.  Much  of  the  area  is  now  producing  so  little  forage 
that  200  or  more  acres  are  required  to  support  a  cow  throughout  the 
year.  With  such  low  grazing  capacity,  costs  of  fencing,  furnishing 
water,  and  handling  are  apt  to  be  so  high  that  such  land  can  be  utilized 
to  advantage  only  by  the  larger  livestock  outfits  which  can  afford  to 
make  major  adjustments  in  their  operations  during  drought  and 
assume  the  attendant  risks. 

Good  management  practices  may  facilitate  restoration  of  depleted 
areas  and  lift  them  out  of  a  submarginal  classification.  At  the  Desert 
Experimental  Range  in  western  Utah  notable  improvement  has  been 
obtained  on  ranges  grazed  by  sheep  where  average  annual  rainfall 
approximates  7  inches  through  the  application  of  conservative  grazing 
in  winter  only,  combined  with  other  desirable  forms  of  management. 

Dry  farming  has  been  attempted  on  many  western  range  areas 
where  rainfall  proved  to  be  insufficient  to  maintain  an  agriculture 
based  on  the  production  of  cultivated  crops  without  irrigation.  It 
has  been  estimated  that  nearly  25  million  acres  have  been  plowed, 
cultivated  for  a  year  or  so,  and  then  abandoned.  Such  abandoned 
fields  are  found  in  almost  every  western  State  in  localities  where  the 
average  rainfall  is  less  than  15  inches.  Soil  conditions  are  now  so 
bad  and  the  possibility  of  retaining  moisture  is  so  uncertain  on  parts 
of  these  abandoned  fields  that  to  restore  an  economically  valuable 
forage  cover  at  a  reasonable  cost  is  going  to  be  difficult.  Restoration 
to  a  suitable  range  cover,  however,  is  important  to  make  the  lands 
economically  valuable  again  and  to  reduce  wind  and  water  erosion. 
Research  is  now  pointing  the  way  to  adaptable  forage  plants  and  low- 
cost  methods  of  revegetation.  Such  conditions  point  definitely  to  the 
need  for  full  recognition  that  there  are  large  areas  in  the  West  unsuited 
to  farming  which  should  remain  permanently  as  range  and  be  used 
primarily  for  the  production  of  livestock  and  wildlife. 
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Conservative  Grazing  and  Forage  Reserves 

Probably  the  outstanding  requisite  of  management  to  meet  drought 
and  other  adverse  influences  of  climate  is  conservative  grazing.  Too 
often  a  few  good  years  with  increasing  forage  production  encourage 
the  building  up  of  herds.  The  result  is  that  when  drought  comes, 
numbers  of  livestock  may  approach  a  peak.  This  condition  was 
general  in  1934  and  far  too  common  in  earlier  drought  years.  Even 
with  the  Government  relief  purchases  in  the  summer  of  1934.  losses 
on  most  ranges  were  great. 

Conservative  grazing  means  stocking  a  range  to  a  point  sufficiently 
below  average  forage  production  over  the  years  to  provide  adequate 
forage  for  the  livestock  in  all  but  severe  drought  years  in  order  to 
minimize  drought  losses,  curtail  costly  supplemental  feeding,  assure 
stable  livestock  production,  and  maintain  the  range  resource  upon 
which  the  whole  industry  is  built.  If  the  range  is  stocked  on  the 
basis  of  average  forage  production,  sufficient  forage  to  carry  the 
livestock  satisfactorily  will  be  produced  in  only  about  half  of  the 
years.  Conservative  stocking  necessitates  stocking  at  somewhere 
between  15  and  25  percent  below  average  forage  production,  in  a 
few  instances  possibly  even  lower.  In  the  mountains  of  Utah,  stock- 
ing 20  percent  below  the  average  would  have  assured  adequate  forage 
in  three-fourths  of  the  years,  and  in  the  other  one-fourth  any  shortage 
of  forage  would  not  have  been  so  excessive  but  that  either  provision 
of  supplemental  feed  or  minor  adjustments  in  stocking  would  have 
assured  stable  livestock  production  and  maintenance  of  the  vigor  of 
the  vegetation.  On  national-forest  areas  in  central  Utah,  where  such 
conservative  grazing  has  been  applied,  the  stand  of  forage  has  in- 
creased 100  to  200  percent  on  depleted  parts  of  spring  ranges  and  as 
much  as  400  to  500  percent  on  summer  ianges  in  10  to  15  years. 

On  the  other  hand,  overgrazing — that  is.  stocking  more  heavily  than 
average  forage  production — on  range  in  New  Mexico,  summerlong 
or  yearlong,  caused  much  greater  losses  in  the  stand  of  forage  during 
drought  years  than  occurred  under  conservative  grazing  (//).  Re- 
covery following  drought  was  also  greatly  retarded  under  such  heavy 
grazing.  Under  continuous  excessive  use.  black  grama  (Boutdoua 
eriopoda) .  the  most  important  forage  plant,  was  practically  exterminated 
from  extensive  range  areas  during  the  1916-18  drought  and  from  addi- 
tional areas  during  the  1921-24  drought.  Much  of  this  depleted  area 
will  require  many  years  of  management  to  bring  about  restoration. 
In  contrast,  conservatively  grazed  and  otherwise  w^ll-managed  ranges 
in  that  area,  as  previously  mentioned,  have  recovered  from  drought 
more  rapidly  than  ungrazed  range  area-. 

S  -king  the  range  on  the  basis  of  below-average  forage  production 
serves  as  drought  insurance.  Although  under  such  use  little  forage 
may  be  carried  over  on  the  range  from  year  to  year,  the  cover  of 
vegetation  and  the  sustained  vigor  of  the  palatable  plants  assure  maxi- 
mum production  i  *  with  the  amount  of  rainfall  available.  It 
is  ordinarily  advisable  to  fence  off  a  portion  of  the  ranee  to  }>. 
during  the  critical  period  of  the  year,  both  to  assure  fresh  for;.. 
that  time  and  to  help  to  define  the  ability  of  the  rai  _  pporJ  the 
ock  through  each  year.  In  the  occasional  year  of  extreme 
drought—  usually  1  or  2  in  each  10 — when  production  is  so  low  that 
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there  is  insufficient  forage  for  the  breeding  herd,  additional  provision 
must  be  made  in  the  way  of  supplemental  feed  if  forced  sales  and 
starvation  losses  are  to  be  avoided.  During  drought  the  value  of 
harvested  feeds  and  pasturage  increases  greatly,  and  it  is  not  sound 
business  to  wait  until  drought  prevails  before  building  up  reserves 
of  feed. 

If  yearlong  range-grazing  operations  are  built  primarily  upon  the 
basis  of  a  breeding  herd,  it  is  extremely  difficult  to  allow  for  fluctuations 
in  stocking  from  year  to  year.  In  areas  with  rainfall  of  less  than  10 
inches,  where  drought  is  so  frequent  and  uncertainty  of  forage  produc- 
tion so  great,  it  is  best  to  have  part  of  the  herd  in  steers  or  other  readily 
salable  animals.  Then,  if  the  growing  season  is  unfavorable  enough 
to  indicate  that  feed  will  be  short,  it  is  inadvisable  to  hold  such  animals 
in  an  effort  to  obtain  a  better  price;  rather,  steers  and  calves  should 
be  promptly  sold  so  as  to  retain  as  much  of  the  range  forage  as  possible 
for  the  breeding  herd.  The  breeding  herd  should  also  be  closely  culled, 
and  supplemental  feeding  should  start  before  serious  loss  of  weight 
occurs. 

Since  drought  causes  decline  in  the  forage-plant  cover,  and  the  stand 
of  perennial  grasses  is  less  in  the  year  following  than  during  the  drought 
year,  care  should  be  exercised  in  restocking  drought-depleted  ranges. 
In  1935  it  appeared  to  the  casual  observer  that  the  range  of  eastern 
Montana  had  recovered  from  the  1934  drought.  Under  the  favorable 
growing  conditions  of  1935  the  thinned  stand  produced  a  tall  growth. 
Recovery,  however,  was  more  apparent  than  real,  and  in  the  fall  or 
early  winter  of  that  year  forage  on  the  range  rapidly  became  scarce. 
By  1938  the  density  of  palatable  plants  on  these  drought-stricken 
ranges  was  down  to  one-fourth  of  the  level  prior  to  the  droughts  of 
1934  and  1936.  Again,  under  favorable  conditions  in  1938,  the  thinned 
stand  produced  a  good  growth  in  height;  yet  those  who  hoped  to 
obtain  forage  comparable  in  animal-months  to  the  predrought  produc- 
tion were  disappointed.  It  is  necessary,  in  other  words,  to  avoid 
overstocking  of  thinned  stands  so  as  to  give  every  advantage  possible 
to  rebuilding  the  density  and  vigor  of  the  palatable  vegetation. 

Good  Management  Pays 

There  are  adequate  experimental  and  practical  examples  to  indi- 
cate clearly  that  sound  range  management  pays.  On  the  plains  of 
eastern  Montana,  in  cooperative  studies  carried  on  by  the  Forest 
Service,  the  Bureau  of  Animal  Industry,  and  the  Montana  Agricul- 
tural Experiment  Station,  a  larger  calf  crop,  greater  weaning  weight 
of  calves,  and  greater  weight  of  calves  per  cow  were  produced  under 
conservative  grazing  as  compared  with  approximately  25-percent 
overstocking.  The  total  cost  of  forage  and  feed  alone  per  pound  of  calf 
produced  approximated  4  cents  over  a  5-year  period  for  the  con- 
servatively grazed  area  (with  hay  at  $8  a  ton  and  range  at  10  cents  an 
acre)  in  contrast  to  5.4  cents  per  pound  of  calf  on  the  overgrazed 
range  (7). 

Conservative  grazing  and  other  good  management  practices  on  the 
Jornada  and  Santa  Rita  Experimental  Ranges  in  southern  New 
Mexico  and  Arizona  have  resulted  in  calf  crops  half  again  as  large, 
losses  only  a  third  to  a  fifth  as  great  as  on  similar  but  deteriorated 
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ranges  heavily  stocked  with  cattle,  and  a  greater  sale  value  of  calves. 
Such  desirable  management  has  made  it  possible  for  the  ranchers  to 
produce  calves  at  a  profit  over  the  years  in  contrast  to  the  losses 
sustained  where  grazing  was  more  or  less  unrestricted  and  poorly 
managed. 

Similar  beneficial  results  have  been  obtained  with  sheep  winter- 
grazing  on  the  Desert  Experimental  Range  in  western  Utah.  Here 
two  brothers  cooperate  with  the  Forest  Service.  In  alternate  years, 
each  one  uses  the  open  range  without  paying  much  attention  to  good 
range  practices,  while  the  other  grazes  the  experimental  pastures 
where  conservative  grazing  and  other  desirable  management  practices 
are  followed.  Either  band  of  sheep,  when  on  the  experimental  range, 
produces  more  wool  and  lambs,  does  welL without  any  supplemental 
feed,  and  has  netted  $1,000  a  year  more  profit  than  the  band  not 
using  the  experimental  range. 

More  and  more  stockmen  are  taking  drought  and  other  adverse 
climatic  factors  and  the  opportunities  for  recovery  in  favorable  years 
into  account  in  planning  the  management  of  their  ranges,  with 
resultant  benefits  to  both  themselves  and  the  West  generally. 

DESCRIPTION  OF  RANGE  TYPES 

Grassland  Ranges 

Tall-Grass  Prairie 

Almost  ideal  grassland  conditions — favorable  moisture  and  temperature  in 
summer,  fine  and  friable  soils,  and  gently  rolling  relief — make  tall-grass  prairie 
the  most  productive  of  the  range  lands;  but  the  prairie  climate  is  so  favorable  for 
farming  that  only  about  19  million  of  a  probable  original  250  million  acres  remain 
in  grazing  use.  This  remnant  consists  mainly  of  three  areas  near  the  western 
limit  of  tall  grass,  one  in  North  Dakota,  one  in  Nebraska,  and  another  in  Kansas 
and  Oklahoma. 

Prairie  vegetation  is  characterized  by  a  mixture  of  tall  grasses  in  which  inter- 
mingled individuals  and  spots  of  shorter  grasses  and  sedges,  a  great  variety  of 
showy  flowering  herbs,  and  some  half-shrubs  complete  the  stand.  It  is  colorful 
as  well  as  productive;  it  has  dense,  tall  slough  growth  in  moist  depressions  and 
shorter  growth  on  warm,  dry  uplands;  it  comprises  spring  and  summer  and  late- 
season  growers;  and,  to  a  degree,  it  has  the  winter-feed  characteristics  of  drier, 
warmer  grasslands,  the  summer  growth  of  which  cures  into  natural  standing  hay 
during  the  warm,  dry  days  and  cool  nights  of  Indian  summer. 

Short-Grass  Plains 

In  present-day  importance,  the  short-grass  range  far  outranks  the  prairie. 
Short  grass,  like  tall  grass,  originally  occupied  a  vast  area,  more  of  which  has 
remained  in  grazing  use  because  its  climate  is  drier  than  that  of  the  prairie. 
Extending  eastward  from  the  Rockies,  from  Canada  almost  to  Mexico,  the 
short-grass  plains  form  a  fairly  level  grassland  belt  300  to  600  miles  wide.  They 
constituted  most  of  the  old  cattle  empire  of  early  range  days;  they  still  hold  the 
lead  among  range  types  in  total  area  and  number  of  animals  grazed. 

Short  grasses  dominate  the  vegetation  of  the  plains,  although  some  taller  grasses 
are  intermingled  with  them.  The  principal  grasses  such  as  buffalo  grass  (Buchloe 
dactyloides)  and  blue  grama  (Bouteloua  gracilis)  tend  to  be  more  or  less  sod  formers. 
For  one  thing,  rainfall  is  low — 12  inches  or  less  in  some  parts  toward  the  north 
to  22  inches  in  Texas — most  of  it  falling  during  the  growing  season.  Conse- 
quently, soil  moisture  penetrates  only  to  shallow  depths,  grasses  consume  the 
moisture,  only  the  upper  part  of  the  soil  leaches,  impervious  carbonate  hardpan 
develops  near  the  lower  depths  of  moisture  penetration,  and  the  reserves  of 
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deeper  soil  moisture  so  necessary  to  tall  growth  fail  to  accumulate.  Tall  plants 
do  occur  in  depressions  where  run-off  accumulates  and  sinks  to  greater  than 
average  depths. 

Although  types  of  plains  vegetation  are  similar,  the  plants  that  compose  these 
types  differ  widely.  The  vast  extent  of  the  plains — more  than  2,500  miles  from 
north  to  south — makes  for  differences  in  climate.  Elevation  and  location  with 
respect  to  the  high  face  of  the  Rockies  and  to  the  place  of  origin  and  paths  of 
storms  also  affect  climate  and  hence  vegetation.  Near  the  plains-prairie  border, 
plants  typical  of  both  areas  are  common,  the  taller  grasses  being  more  conspicuous 
in  a  series  of  wet  years.  Likewise,  near  the  foothills  of  the  mountains,  plants 
common  to  drier  prairie  uplands  lend  a  prairie  color  to  the  plains.  In  the  cool 
northern  part,  where  drought  conditions  are  less  acute  in  early  summer  and 
evaporation  is  moderate,  wheatgrasses  (Agropyron  spp.)  and  needlegrasses  (Stipa 
spp.)  rise  above  the  blue  grama,  and  here  and  there  sagebrush  areas  alternate  with 
grassland.  In  the  southern  part,  as  in  the  Texas  Panhandle,  the  hot  rainy  season 
and  higher  evaporation  and  transpiration  are  favorable  to  buffalo  grass.  To  the 
west  of  the  area  carpeted  by  this  grass,  in  New  Mexido  and  Colorado,  galleta 
(Hilaria  jamesii)  and  gramas  (Bouteloua  spp.)  cover  the  high,  cool  mesas  and 
interior  valleys.  Inadequate  moisture  during  spring  in  that  area  confines 
production  more  or  less  to  the  short  wet-weather  period  in  summer. 

Semidesert-Grass  Plains 

In  the  arid  and  semiarid  zone  of  southern  Texas,  New  Mexico,  Arizona,  and 
adjacent  Mexico  lie  grassy  plains  that  resemble  the  short-grass  plains.  These  low 
plains  are  influenced  by  the  climate  of  intermingled  local  mountains.  Such  vary- 
ing conditions  make  for  short-distance  differences  in  climate  and  soils  and  great 
differences  in  amount  and  kind  of  vegetation. 

The  principal  short  grasses  of  the  semidesert  range  are  gramas  and  curly- 
mesquite  (Hilaria  belangeri).  Tobosa  {Hilaria  mutica)  forms  a  dense  bunchlike 
growth  in  depressions  that  become  alternately  very  wet  and  dry.  Sacaton 
(Sporobolus  wrightii)  grows  shoulder  high  in  damp  locations;  and  here  and  there 
other  tall  grasses  attain  individual  prominence  in  those  places  that  best  meet  the 
exacting  requirements  of  the  individual  species  under  hot,  semiarid  conditions. 

Scattered  through  these  semidesert  grasslands  are  shurbs  and  low-branching 
trees  like  mesquites,  as  well  as  palmlike  yuccas  and  many  kinds  of  cacti.  The 
semidesert  grassland  bursts  forth  in  a  bit  of  tropical  abundance  in  rainy  seasons 
and  shrinks  back  toward  desert  when  dry.  Its  plants  are  peculiarly  adapted  to 
resist  dry  heat  and  drought  and  to  take  advantage  of  rain  when  it  comes.  Good 
growth  in  season,  retention  of  feed  values  in  cured  forage,  and  mild  winter  weather 
make  semidesert  grassland  among  the  best  of  the  yearlong  breeding  ranges. 


Pacific  Bunchgrass  Prairie 


In  untimbered  range  and  in  the  open-timbered  areas  of  the  northern  Rocky 
Mountains  and  the  Pacific  States  occur  grasses  and  showy  flowering  plants  that 
resemble  prairie  vegetation  except  that  they  grow  in  large,  distinct  tufts  or  bunches. 
The  most  extensive  development  of  such  bunchgrass  prairie  was  in  Montana,  the 
Pacific  Northwest,  and  California. 

The  bunchgrass  prairie  has  undergone  great  changes;  much  of  the  area  it 
occupied  has  become  wheatland  and  orchard;  the  bunchgrasses  withstood  grazing 
poorly  and  have  disappeared  in  many  places.  Deep  soil  moisture  from  winter 
precipitation  which  encouraged  prairie  vegetation  also  allowed  the  invasion  of 
sagebrush  and  other  deep-rooted  plants.  Spring  and  fall  moisture  accompanied 
by  favorable  growing  temperatures  favored  the  spread  of  short-lived  annuals. 
Although  still  important  for  grazing,  the  vegetation  on  most  of  the  former  area  of 
Pacific  bunchgrass  now  resembles  that  of  open-timber,  shrub,  and  annual  ranges 
as  much  as  or  more  than  that  of  the  prairie. 

Shrub -Grass  Ranges 

Outside  the  grasslands,  grasses,  or  grasses  in  the  larger  sense  including  other 
herbs,  constitute  the  close-to-the-ground  vegetation  over  millions  of  acres  where 
shrubs  and  trees  are  the  more  imposing  plants.  As  grasses  affect  the  natural 
structure,  use,  and  grazing  value  of  grasslands,  so  too  they  greatly  influence  the 
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shrub-grass  ranges.  Where  naturally  prominent,  grasses  are  the  part  of  the 
vegetation  that  most  protects  soils,  exerts  the  most  influence  on  what  becomes  of 
rain  water  where  it  falls,  and  aids  in  the  absorption  of  water  and  the  conserving  of 
soil  moisture  against  the  ravages  of  evaporation.  They  commonly  constitute  a 
large  part  of  the  feed  resources  on  browse  ranges  and  are  necessary  to  the  welfare 
of  most  range  animals. 

"Where  the  vegetation  consists  of  both  shrubs  and  grasses,  some  peculiar  com- 
binations of  climatic  factors  must  favor  the  growth  of  each  at  some  time  during 
the  year,  and  at  other  times  conditions  must  not  be  too  adverse  to  permit  their 
survival.  Water  must  sink  deeply  enough  during  some  period  of  the  year  to 
support  rather  deep-rooted  plants;  there  must  be  rain  sometime  during  the 
growing  season  for  grasses,  or  their  survival  and  growth  must  not  be  prevented 
through  the  drying  out  of  the  upper  soil  layers  during  critical  periods.  A  common 
condition  is  cold  winter  weather  with  precipitation  enough  to  sink  rather  deeply 
into  the  ground,  a  critical  annual  dry  period,  and  rain  sometime  during  late  spring 
or  summer.  The  more  rain  in  summer,  the  more  prominent  are  the  grasses. 
Typical  shrub-grass  ranges  are  those  of  sagebrush  and  salt-desert  shrub. 

Sagebrush -Grass  Range 

Areas  of  sagebrush  occur  from  the  Pacific  Northwest  south  to  northern  New 
Mexico  and  Arizona.  Sagebrush  is  also  conspicuous  in  many  open-timber  areas, 
particularly  the  juniper  woodlands.  The  great  body  of  more  than  96  million 
acres  of  sagebrush  range  extends  from  eastern  Wyoming  west  to  the  Cascades  in 
Oregon  and  the  Sierras  in  California,  through  southern  Idaho  and  northern  Utah 
and  Nevada.  It  is  typical  of  dry,  cool  northern  plains  and  valleys,  where  much 
of  the  annual  precipitation  occurs  in  the  cool  season,  and  of  similar  southern  areas 
that  are  cool  because  of  their  elevation  but  have  more  summer  than  winter 
rainfall. 

In  some  places  in  the  northern  part  of  this  region  sagebrush  forms  the  spring 
and  fall  link  between  summer  and  winter  grazing  grounds.  In  others  it  is  grazed 
extensively  in  winter.  Farther  south,  it  also  winters  many  sheep;  the  otherwise 
poor  sagebrush  browse  affords  emergency  feed  when  snow  occasionally  covers  the 
grass.  The  real  value  of  such  range  is  in  the  herbs  and  other  browse  plants  that 
are  intermingled  with  the  sagebrush.  Too  much  dependence  on  sagebrush  range 
for  feed  results  in  overuse  and  decline  of  the  grasses,  which  gives  sagebrush  the 
advantage  in  the  contest  for  supremacy  and  lessens  the  value  of  the  range. 

Salt-Desert  Shrub 

On  dry  upland  plains  and  flats  in  Utah,  Nevada,  southwestern  Wyoming, 
and  southern  Idaho  and  in  depressions  farther  south  are  low  shrub  growths 
intermingled  with  grassland  plants.  Most  of  the  vegetation  is  highly  resistant 
to  drought  and  alkali.  Some  shrubs  are  good  browse,  and  others  almost  worthless 
for  feed.  Grasses  are  naturally  important;  but  because  of  dry  conditions,  particu- 
larly in  summer,  they  form  dense  stands  only  in  the  most  favorable  locations  and 
are  easily  killed  out  through  too  close  grazing. 

Other  Shrub-Grass  Ranges 

The  southern  Arizona  and  California  deserts  are  shrub  deserts.  Much  of  their 
area  is  of  negligible  importance  as  range.  Annual  rainfall  averages  less  than  10 
inches,  in  some  places  less  than  3  inches.     Water  is  scarce  or  lacking,  and  perennial 

frasses  grow  only  on  a  few  deep,  sandy  soils  and  in  depressions  watered  by  run-off. 
n  locations  of  most  favorable  winter  rainfall,  annuals  afford  winter  grazing  and 
forage  for  lambing  for  large  numbers  of  sheep.  Such  operations,  however,  must 
be  safeguarded  through  provision  for  grazing  in  tame,  irrigated  pastures,  since 
the  desert  fails  to  produce  forage  in  dry  years,  which  are  the  rule. 

Between  these  deserts  and  the  mountains  and  on  low,  dry  areas,  such  as  that 
bordering  the  lower  Rio  Grande  Valley,  are  ranges  with  desert  shrubs  in  places 
and  grassy  areas  in  others.  Here  also  grazing  is  greatly  influenced  by  the  season, 
whether  favorable  or  unfavorable  to  growth. 

Where  extensive  mountain  masses  rise  abruptly  from  the  desert  plains,  as  in 
southern  Arizona,  desert  shrubs  extend  into  the  mountains  and  become  associ- 
ated with  low-mountain  shrubs;  and  both  give  way,  in  turn,  to  open-stand  chapar- 
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ral  at  higher  elevations.     Such  mountain  brushlands  often  naturally  have  good 
I  are  highly  productive  forage-  and  water-yielding  areas.      Here 
die  average  annual  precipitation  inc:      -    -        15,  20,  25,  or  more  inches,  probably 
influenced  as  much  by  topography  as  by  elevation.     There  is  also  a  summer  as 
well  as  a  winter  rainy  period,  with  intervening  spring  and  fall  dry  periods.     Sum- 
mer rainfall  is  sufficient  for  abundant  growth  of  _  hich  include  typical 
semidesert   and   also   plai-                      as   well  as   bunch-;  Although  highly 
productive    in    the    natural   state,    these  rugged  mountain  brushlands   are   easily 
changed.     Too  much  dependence  on  browse  results  in  exhausting  the  grass  crop 
long  before  all  the  browse  growth  is  taken  and  hence  in  overgrazing  of  the  - 
during  most  of  each  year.      Loss  of  grass  means  loss  of  the  better  part 
forage  and   -      -        —  of  effective  moisture  through  both  increasing  run-off  and 
evaporation,  man-made  drought,  and  deteriorated  range  and  watershed  cond 
Not  all  mountain  brushlands  are  naturally  good  range.     Chaparral  may  c 
of  poor  browse  plants.     Dense  brush  with  little  grass  is  common  where  winter 
precipitation  is  high  and  summers  are  long  and  dry.     There  are  also  thickets, 
such  as  those  common  on  high  mountains,   too  dense  to  graze,  but  sometimes 
important  as  sources  of  winter  feed  for  game. 

Timbered  Area- 

In  the  range  country  the  mountains  have  the  cooler,  more  nearly  humid  climates ; 
they  are  the  timbered  lands  of  the  West.  Many  influences  that  modify  the  effects 
of  climate,  such  as  latitude  and  elevation,  make  for  great  differences  in  the  char- 
acter of  forest  growth  and  in  grazing  usee  Some  areat  afford  range  during  rather 
long  periods,  others  for  only  2  or  3  months  in  summer.  Some  ttniberlands  are  too 
dense  to  have  much  forage  growth  or  to  permit  of  the  handling  of  livestock. 
Others  rival  the  grasslands  in  importance  as  rang 

These  widely  distributed  and  different  wooded  lands  with  range  values  may  be 
roughly  divided  into  woodlands  and  open-stand  saw-timber  areas. 

U  oodUmds 

Typical  woodland  ranges  are  the  juniper-  and  pinon-covered  foothills  of  the 

southern  Rocky  Mountain  region  and  the  lands  with  evergreen  oaks  in  the 
Southwest  and  in  California.  The  pinon-juniper  woodlands  form  the  border 
zone  where  mountain  forests  meet  the  southern  short-grass  or  semidesert  plains 
or  the  shrub-grass  types.  They  have  a  touch  of  the  climate  and  the  vegetation 
of  both  types  of  range.  They  afford  yearlong  grazing  in  parts  of  the  Southwest, 
and  in  other  parts  spring  and  fall  range  for  some  of  the  yearlong  grazing  operations 
that  depend  on  shifting  livestock  to  summer  range  in  the  mountains  and  to  valleys 
and  deserts  in  the  winter. 

Evergreen-oak  woodlands  are  closely  associated  with  evergreen  brush  or 
chaparral,  both  in  location  and  in  character  of  range  growth.  In  the  Southwest 
the  good  stands  of  perennial  grasses  on  areas  with  scattered  oak  trees  are  related 
to  favorable  summer  rainfall,  and  the  yearlong  grazing  here  is  associated  with  the 
mild  but  productive  climate.  The  oak-dotted  foothills  of  California  have  dry 
summers  but  moist,  mild  winters  which  make  for  growth  of  herbs  in  winter  and 
spring  and  provide  conditions  favorable  for  grazing. 

Open  Forests 

The  grassy  range  in  open-stand  saw  timber  is  largely  in  pine  and  pine-fir 
forests.  These  ranges  also  include  prairielike  parks,  alpine  areas,  and  areas  with 
aspen  and  other  trees  in  O]  s.      About  one-half  the  125  million  acres  of  this 

kind  of  range  is  in  national  forests.      Most  of  it  lies  at  relatively  high  elevations 
and  is  suited  to  warm-season  grazing  only.      In  some  places  factors  such 
of  timber  and  lack  of  summer  moisture  result  in  rather  sparse  herbaceous  growth; 
in    or:  -row   abundantly.     There   are    shade-loving   and    sun-loving 

plants,  short  and  tali  grasses,  turf  and  bunci  -  and  many 

nutritious  fleshy  herbs. 

The  wide  distribution  of  these  timbered  ranges,  the  diverse  types  of  forage  on 
them,  and  their  location  with  respect  to  other  feed  areas  account  to  a  burg 
for  the  many  different   k  grazing  operations  that  have  developed  from 

Canada  to  Mexico  west  of  the  Great  Plains.     In  the  northern,  cooler  parts  of  the 
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range  country,  summering  in  the  mountains  affords  the  opportunity  to  get  live- 
stock off  farm  pastures  and  winter  ranges  during  the  growing  season.  This  allows 
a  combination  of  ranging,  farming,  and  feeding  and  adds  materially  to  the  value 
and  size  of  operations  on  many  farm  and  pasture  areas  which  are  too  small  and 
widely  scattered  to  constitute  economic  units  alone  and  are  otherwise  unsuited 
to  any  but  a  livestock  economy. 

In  other  places,  of  which  Utah  is  typical,  the  summer  ranges  take  care  of  many 
farm  cattle  from  the  thickly  settled  irrigated  valleys.  These  cattle  number  only 
a  few  to  the  farm,  but  in  the  aggregate  they  amount  to  many  thousands  and  are 
highly  important  to  the  individual  small  farmers.  In  the  same  region,  mountain 
meadows  and  succulent  herbs  in  aspen  and  other  open-timber  stands  not  only 
afford  good  summer  range  for  grazing  sheep  and  fattening  lambs  but  also  make  it 
possible  to  use  the  salt-desert  ranges  when  they  are  most  valuable  and  to  get  the 
flocks  off  them  during  critical  hot,  dry  periods. 

Timbered  ranges  are  much  more  than  mere  seasonal  grazing  grounds  where 
livestock  may  be  summered.  In  many  instances,  herds  on  winter  ranges,  pastures, 
and  feed  lots  are  on  a  maintenance  ration  by  spring,  and  summer  range  is  depended 
upon  for  the  growth  and  conditioning  of  the  animals.  In  other  cases  the  cool, 
timbered  mountains  afford  green  forage  for  mother  ewes  and  young  lambs  and 
for  continued  rapid  growth  of  beef  stock  that  comes  to  the  hills  in  good  condition. 
In  the  fall  such  grass-fattened  animals  are  in  good  shape  for  rapid  finishing  in  the 
feed  lots  or  to  go  direct  to  market. 
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Climate  and  the  Nation's 
Forests 


By  Raphael  Zon 


THERE  HAS  BEEN  a  good  deal  of  argument  about  whether 
forests  have  any  effect  on  climate.  The  author  of  this  article 
holds  that  they  do  and  makes  out  a  good  case.  The  effects 
are  local  and  often  not  of  great  magnitude,  but  they  may  mean 
much  to  agriculture  in  certain  areas  and  with  certain  crops. 
More  striking  are  the  effects  of  climate  on  forests.  Modern 
forest  management,  the  author  shows,  depends  on  understand- 
ing what  climatic  variations,  big  and  little,  do  to  trees. 


Raphael  Zon  is  Director,  Lake  States  Forest  Experiment  Station,  Forest  Service. 
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Vast  forests,  large  expanses  of  water,  immense  stretches  of  vy_  _ 
prairie  or  desert,  and  fertile  soils  are  all  products  of  the  general  dim 
of  the  earth,  over  which  man  has  no  control,  but  insofar  as  they  form 
a  part  of  the  environment  they  may  be  affected  by  human  activities. 
The  destruction  of  forests  over  large  areas,  the  drainage  of  large 
swamps,  the  construction  of  large-scale  irrigation  works,  and  the 
exhaustion  of  soil  fertility  can  modify  the  physical  and  atmospheric 
environment  of  a  locality,  affecting  its  suitability  for  human  habita- 
tion, for  agricultural  pursuits,  and  as  a  habitat  for  certain  kinds  of 
animal  life. 

To  the  extent  to  which  man  can  destroy  or  conserve  the  for— 
change  water  relations,  and  improve  or  exhaust  soil  fertility,  he  does 
control  climatic  factors  locally — as  history  amply  prov^  - — even 
though  he  does  not  affect  the  general  climate  in  large  regions.  Viewed 
in  this  light,  the  forests  of  the  Xorth  American  Continent  assume  a 
much  greater  historic  and  social  significance  than  they  would  have  as 
an  exploitable  economic  resource. 

The  forests  have  played  an  important  part  in  the  developmen 
this  country  in  the  past.  They  are  destined  to  play  at  least  an  equally 
important  role  in  the  future.  The  forests  of  the  past  were  the  prod- 
uct of  the  free  play  of  uncontrolled  natural  forces;  those  of  the  future 
will  be  the  product  of  human  intelligence  based  on  a  scientific  knowl- 
edge of  the  natural  laws  governing  their  growth  and  development. 
Only  through  arming  ourselves  with  knowledge  of  how  physical  and 
climatic  factors  affect  the  forest,  on  the  one  hand,  and  of  the  biological 
reactions  of  the  forests  to  these  environmental  stimuli,  on  the  other, 
will  we  be  able  to  mold  the  forests  of  the  country  to  the  best  interests 
of  the  people. 

In  this  article  the  effects  of  forests  on  climate  and  the  relation  of 
climate  to  forest  management  will  be  discussed  first.  The  article 
will  conclude  with  a  brief  account  of  the  chief  climatic  factors  that 
have  determined  the  nature  and  location  of  the  principal  types  of 
forests  in  the  United  State  - 

HOW  FORESTS  AFFECT  LOCAL  CLIMATE 

Immense  forests  modify  the  climate  not  only  over  the  area  they 
occupy  but  also  over  the  surroundinjg  country.  The  reasons  for  this 
are  clear.  Dense  forests  form  a  thick  mantle  covering  the  ground. 
They  may  also  be  compared  to  an  umbrella  with  holes  in  it.  These 
holes  may  be  small  or  large,  many  or  few,  depending  on  the  de: 
of  the  forest,  the  size  of  the  individual  trees,  and  whether  they  are 
conifers  or  hardwoods.     It  is  to  be  expected  that  such  a  ground  cover- 

_  must  necessarily  modify  the  elements  of  clima~ 

Effect  on  Air  Temperature 

A  bare  surface  without  impediments  receives  the  full  effects  of 
solar  radiation,  but  when  the  surface  is  screened  by  forest  cover  these 
— heat  and  light — are  greatly  modified  both  quantitatively  and 
qualitatively. 

»  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  498. 
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Numerous  observations,  inside  and  outside  the  forest,  in  different 
localities  and  at  different  times,  provide  conclusive  evidence  that,  at 
low  elevations  in  the  temperate  regions,  forests  reduce  the  mean 
annual  temperature  by  about  1°  F.  on  an  average,  and  at  an  elevation 
of  about  3,000  feet  by  2°.  The  mean  monthly  temperature  is  lower 
in  the  forest  than  in  the  open  for  every  month  of  the  year,  but  the 
difference  may  reaeh  about  4°  F.  during  the  summer,  whereas  in 
winter  it  does  not  often  exceed  0.1°.  The  mean  daily  temperature 
shows  a  greater  degree  of  difference.  During  the  hottest  days  of  the 
year  the  air  inside  the  forest  is  often  more  than  5°  cooler  than  that 
outside,  while  on  the  coldest  days  the  difference  is  only  about  2°.  The 
temperature  of  the  air  within  the  forest  is  therefore  not  only  more 
moderate  but  also  subject  to  less  fluctuation  than  that  in  the  open. 

Temperature  records  inside  and  outside  the  forest  in  the  northern 
hardwoods  of  the  Upper  Peninsula  of  Michigan3  may  serve  as  an 
example  of  this  influence  (fig.  1).  In  tropical  and  subtropical  regions, 
the  influence  of  the  forest  upon  the  temperature  of  the  air  is  even 
greater. 

The  light  intensities  within  the  forest  are  entirely  different  from 
those  in  the  open.  If  the  light  intensity  m  the  open  under  a  cloudless 
sky  is  designated  as  100,  then  the  light  intensities  in  spruce  and  fir 
forests  will  range  from  10  to  25  percent,  depending  upon  the  density 
of  the  cover;  in  pine  forests,  from  20  to  40  percent;  and  in  a  birch- 
beech  forest,  in  early  spring,  from  50  to  75  percent.  In  other  words, 
a  forest  cover  may  intercept  and  prevent  from  reaching  the  ground 
50  to  90  percent  of  the  light  available. 
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Figure  1. — Average  daily  maximum  (a)  and  minimum  (b)  air  temperatures  inside  and 
outside    a    birch-beech-maple    forest    in    the    Upper    Peninsula    Experimental    Forest, 
Dukes.  Marquette  County.  Mich.,  based  «>n  10-yeav  rec«>nl«.  l(>27-36. 
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nummary  for  the  Upper  Peninsula  Experimental  Forest,  Dukes,  Mar- 
by  John  R.  Neetzel.     (Unpublished.,) 
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Effect  on  Soil  Temperature 

Forests  influence  the  temperature  of  the  soil  in  almost  the  same 
way  as  they  do  that  of  the  air,  producing  even  greater  differences. 
On  an  average  the  forest  soil  is  warmer  in  winter  by  about  2°  F.  and 
cooler  in  summer  by  5°  to  9°  F.  than  soil  without  a  forest  cover,  and 
this  holds  true  for  a  depth  of  as  much  as  4  feet.  In  the  spring,  and 
especially  in  the  summer,  the  forest  soil  is  cooler  than  soil  in  the  open. 
In  the  fall  and  winter  it  is  warmer,  but  the  difference  is  always  less 
than  in  summer.  The  soil  under  the  forest  may  remain  soft  when  the 
ground  in  the  open  is  frozen  hard  to  some  depth.  If  it  does  freeze,  it 
is  to  a  depth  of  one-half  to  less  than  three-fourths  that  in  the  open. 
Of  course  this  influence  varies  with  the  character  of  the  forest- 
Figure  2  shows  how  a  northern  hardwood  forest  (birch-beech-maple) 
affects  the  march  of  soil  temperatures  during  the  year. 

Effect  on  Moisture 

The  relative  humidity  of  the  air  is  greater  within  the  forest  than 
outside  by  3  to  10  percent  on  an  average.  In  some  cases  the  difference 
may  be  as  much  as  12  percent.  Relative-humidity  records  from  inside 
and  outside  a  birch-beech-maple  forest  are  presented  in  figure  3. 

Whether  the  forest  actually  increases  the  amount  of  precipitation  is, 
after  80  years  of  observations,  still  a  moot  question.  Though  parallel 
observations  carried  on  in  the  interior  of  the  forest,  on  the  edge  of  the 
forest,  and  in  the  open  show  that  the  amount  of  rainfall,  as  registered 
by  rain  gages,  is  greater  inside  the  forest  than  on  the  edge,  and  on  the 
edge  than  at  some  distance  from  the  forest — sometimes  by  as  much 


80 


70 


60 


50 
UJ 

or 

I-    40 

< 

or 

UJ 

0_    30 


20 


10 


>^~ 

)UTSIDE 

OF  FOF 

EST 

'    s 

/ 

\ 

/  / 
/  / 
/  / 

^_ 

NSIDE  ( 

)F  FORE 

ST 

vv 

>n 

— -_, 

-1 

/  / 
/  / 
V 

32°  F- 

>^ 

^ 

J         J 
MONTH 


Figure  2. — Average  daily  soil  temperatures,  inside  and  outside  a  birch -beech -maple 
forest,  to  a  depth  of  6  inches.     Upper  Peninsula  Experimental  Forest,  Dukes,  Mar- 
quette County,  Mich.,  10-year  record,  1927-36. 
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as  25  percent — they  do  not  furnish  convincing  proof  that  more  rain 
actually  falls  over  the  forest.  All  that  these  records  indicate  is  that 
the  rain  gages  inside  the  forest,  being  protected  from  the  wind,  may 
register  more  water  than  the  rain  gages  in  the  open,  where  they  are 
exposed  to  the  wind.  The  most  that  can  be  said  is  that  the  forest  may 
have  some  effect  upon  the  frequency  of  precipitation. 

The  interception  of  some  rainfall  by  the  forest  is  a  well-substantiated 
fact.  Numerous  observations  in  this  country  and  abroad  show  that 
the  crowns  of  the  trees  may  intercept  as  much  as  15  to  30  percent  of  the 
total  precipitation,  depending  upon  the  age  of  the  forest  and  its  com- 
position. Only  a  small  part  of  the  precipitation  reaches  the  ground 
directly  through  the  openings  between  the  leaves  and  the  branches. 
Another  part  wets  the  surface  of  the  leaves  and  branches  and  is 
evaporated  back  into  the  air,  and  still  another  may  run  down  the 
trunks  to  the  bases  of  the  trees  and  into  the  ground.  Coniferous  forests, 
such  as  spruce  and  pine,  permit  a  relatively  small  amount  of  pre- 
cipitation to  reach  the  ground,  while  hardwoods,  such  as  oak  and  maple 
intercept  comparatively  little,  especially  when  the  leaves  are  off. 
The  amount  intercepted  is  equivalent  to  a  considerable  reduction  in 
the  total  precipitation  over  the  area  occupied  by  forest. 

During  the  growing  season  the  temperature  of  the  trunks,  branches, 
and  twigs  is  always  lower  than  that  of  the  surrounding  air.  This 
causes  the  formation  of  dew  on  the  branches.  The  difference  in  the 
temperature  of  the  air  in  the  forest  and  that  in  the  open  is  the  cause 
of  air  currents  between  the  forest  and  the  fields.  These  movements 
facilitate  the  formation  of  dew  and  fogs  over  fields  adjoining  forests. 

In  the  spring  and  fall  these  fogs  save  the  fields  from  early  frosts  and 
in  the  summer  from  damage  by  hail.  Kepeatedly  and  in  different 
countries  it  has  been  observed  that  forests  prevent  hail  from  falling 
over  adjoining  fields.     Coniferous  forests  have  the  greatest  effect  in 
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Figi  re  3. — Average  daily  relative  humidity  at  5  p.  m.  inside  and   outside  a  birch- 
beech-maple     forest.      Upper     Peninsula     Experimental     Forest,     Dukes,     Marquette 
County,  Mich.,  10-year  record.  1927-36. 
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Figure  4. — Average  daily  evaporation  in  grains  inside  and  outside  the  forest  during 
the  growing  season  as  recorded  by  Livingston  atinometers.     Upper  Peninsula  Experi- 
mental Forest,  Dukes,  Marquette  County,  Mich.,  8-year  record,  1928-35. 

deflecting  hailstorms.  Statistics  collected  for  20  years — 1877  to 
1897— by  a  company  insuring  against  hail,  confirm  the  fact  that 
fores tless  regions  are  subject  to  frequent  hailstorms  while  in  forested 
regions  hailstorms  are  of  very  rare  occurrence. 

Evaporation  from  soil  protected  by  the  forest  is  greatly  reduced 
as  compared  with  that  in  the  open.  When  the  soil  is  protected  by  a 
double  screen — tree  crowns  above  and  a  thick  layer  of  dead  leaves 
on  the  ground — the  loss  of  moisture  during  the  growing  season  from 
the  forest  soil  through  evaporation  may  be  only  one-third  to  one-half 
that  in  the  open.  This  is  well  illustrated  in  figure  4  for  a  northern 
hardwood  forest. 

Effect  on  Wind 

Wind  loses  velocity  upon  encountering  a  forest,  though  at  different 
degrees  near  the  tops  of  the  trees  and  near  the  ground.  According  to 
some  European  observations,  after  wind  has  penetrated  into  a  dense 
forest  to  a  distance  of  some  100  feet,  it  retains  only  60  to  80  percent 
of  its  original  force,  while  at  a  distance  of  about  200  feet,  it  has  only 
50  percent,  and  at  400  feet,  7  percent.  The  behavior  of  wind  in  a 
broadleaf  forest  of  maple,  birch,  and  beech  (fig.  5)  is  significantly  dif- 
ferent during  the  period  when  the  forest  is  in  leaf  and  at  other  times. 
Even  while  strong  winds  are  blowing  outside,  deep  in  the  interior  of  a 
dense  old  forest  there  may  be  almost  complete  calm. 

Effect  on  Water  Conservation 

A  forest  affects  the  moisture  relations  of  a  locality  through  the 
manner  in  which  it  disposes  of  the  precipitation  it  receives.  By  break- 
ing the  violence  of  rain,  retarding  the  melting  of  snow,  increasing  the 
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Figure  5. — Average  daily  wind  movement  15  feet  above  the  ground  inside  and  outside 

a  ma  pie -birch -beech  forest.     The  greatest  difference  is  in  summer,  when  the  trees  are 

in   full   leaf.     Upper    Peninsula    Experimental   Forest,    Dukes,    Marquette    County, 

Mich.,  10-year  average,  1927-36. 


absorptive  capacity  of  the  soil  cover,  preventing  erosion,  and  check- 
ing surface  run-off,  forests  increase  underground  seepage  in  general. 
In  this  way  precipitation,  which  without  the  forest  cover  is  rapidly 
disposed  of  by  surface  run-off,  is  retained  in  the  soil  and  gradually 
utilized  for  tree  growth  and  for  maintaining  a  steady  flow  of  water  in 
streams. 

Forest  soils  have  great  water-holding  capacity.  The  humus  in 
forest  soils  holds  water  equal  to  twice  its  weight,  whereas  sand  and  clay 
soils  hold  only  one-quarter  to  one-half  their  weights  of  water  respec- 
tively. The  leaf  litter  in  the  forest  preserves  the  porosity  of  the  soil 
beneath  it  and  thus  allows  the  water  to  penetrate  deeply  and  be 
stored  as  ground  water.  This  storage  capacity  of  the  soil  under  for- 
ests depends  a  great  deal,  of  course,  on  the  character  and  depth  of  the 
soil.  A  shallow  soil  underlain  near  its  surface  with  impermeable  rock 
does  not  provide  for  much  water  storage,  but  soil  that  is  deep  and  well 
protected  by  a  dense  forest  and  leaf  litter  on  the  ground  forms  a  vast 
natural  underground  reservoir.  As  H.  A.  Morgan  remarked  (13), 
"Dams  are  good,  but  if  we  could  raise  the  underground  water  table  of 
the  Tennessee  Valley  only  6  inches,  that  would  mean  26  million  acre- 
feet  of  water — four  times  as  much  as  the  Norris  reservoir  will  hold. 
Nature  would  do  the  storing." 

The  best  aid  to  nature  in  storing  this  water  would  be  well-protected 
forests  on  the  watershed.  There  is  a  great  deal  of  conclusive  evidence 
of  the  role  of  forests  in  water  conservation,  based  on  long-time  ob- 
servations— chiefly,  it  is  true,  on  comparatively  small  watersheds.  A 
record  of  more  than  100  storms  for  a  period  of  over  2  years  on  the 
Appalachian  watersheds  indicates  that  the  flow  of  water  during  peaks 
in  floods  from  deforested  areas  ranges  from  10  to  20  times  greater 
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than  that  from  forested  areas.  Small  streams  are  usually  continuous 
from  forested  areas  but  often  dry  up  between  rains  on  unforested  land. 

Forests  may  not  increase  the  total  precipitation,  but  certainly  they 
help  to  dispose  of  it  more  economically  and  more  fruitfully  than  does 
land  devoid  of  forests.  In  forests  the  water  cycle  is  retarded,  and  in 
this  way  moisture  conditions  in  the  locality  are  improved. 

A  record  of  a  recent  storm  at  the  LaCrosse,  Wis.,  station  illustrates 
this.  On  August  20-21,  1939,  a  6.05-inch  rain  fell,  continuously, 
within  a  period  of  24  hours.  Under  the  forest  this  entire  rainfall  was 
stored  in  the  soil,  while  more  than  2  inches  ran  off  from  the  fields 
under  corn  and  grain. 

The  Case  of  Shelterbelts 

The  influence  of  forests  on  local  climate  is  nowhere  better  illustrated 
than  in  the  shelterbelt  plantings  of  the  prairie-plains  region.  Through 
literally  hundreds  of  varied  observations,  it  has  been  established  that 
shelterbelts,  placed  at  right  angles  to  prevailing  winds,  afford  a  pro- 
tection on  the  leeward  side  to  20  times  the  height  of  the  trees — that 
is,  with  a  belt  50  feet  high,  to  a  horizontal  distance  of  1,000  feet. 
The  wind  movement  does  not  abruptly  return  to  its  initial  velocity 
at  this  distance,  but  some  measurable  reduction  has  been  recorded 
equal  to  50  to  60  times  the  height  of  the  trees,  or  2,500  to  3,000  feet  with 
a  50-foot-high  belt.  It  is  clear  that  some  slight  effect  can  be  carried 
from  one  shelterbelt  to  another  provided  the  spacing  between  them 
does  not  exceed  about  40  times  their  height.  Furthermore,  measure- 
ments have  shown  that  considerable  protection  is  afforded  on  the 
windward  side,  to  a  distance  of  3  to  5  times  the  height  of  the  belt.  It 
is,  therefore,  entirely  conceivable  that  if  a  large  area  were  protected 
with  shelterbelts  at  intervals  of  about  two-fifths  of  a  mile,  there  would 
be  a  considerable  reduction  of  the  wind  movement  over  the  area  as 
a  whole. 

The  retardation  of  the  wind  starts  a  whole  chain  of  favorable  cli- 
matic influences,  such  as  reduction  of  evaporation,  lowering  of  tem- 
perature, increasing  relative  humidity  of  the  air,  and  accumulation 
of  moisture  by  retaining  snow  on  the  fields — all  of  which  result  in 
increase  of  yield  of  crops  grown  under  the  protective  influence  of 
shelterbelts. 

This  influence  of  shelterbelts  naturally  varies  with  locality,  dry  and 
wet  years,  type  of  crop,  and  especially  the  width,  length,  density, 
and  height  of  the  shelterbelts,  and  the  intervals  at  which  they  are 
planted. 

Aside  from  their  influences  on  crops,  tree  belts  reduce  soil  blowing. 
The  ability  of  wind  to  move  and  pick  up  soil  particles  varies  at  least 
as  the  second  or  possibly  the  third  power  of  the  velocity.  Conse- 
quently, even  as  little  as  a  10-percent  reduction  may  mean  the  differ- 
ence between  considerable  soil  blowing  and  very  little.  A  50-percent 
reduction  in  its  velocity  would  practically  keep  the  wind  from  mov- 
ing soil  particles. 

In  some  localities  of  western  Oklahoma,  cottonseed  sown  on  light 
sandy  soils  without  the  protection  of  shelterbelts  is  often  blown  out 
of  the  ground,  necessitating  a  second  and  sometimes  a  third  seeding 
and  delaying  the  maturing  of  the  cotton  in  the  fall. 
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In  winter,  by  reducing  wind  velocity  50  percent  and  consequently 
reducing  heat  losses  by  radiation  and  infiltration,  shelterbelts  may 
reduce  fuel  consumption  in  farmhouses  as  much  as  30  percent.  Such 
results  were  obtained  with  test  houses,  some  of  which  were  protected 
by  shelterbelts  and  others  exposed  to  the  wind,  the  indoor  tempera- 
tures being  maintained  at  approximately  70°  F. 

Animals,  too,  suffer  much  less  in  cold  weather  if  protected  from 
wind,  and  some  stock  feeders  consider  a  good  windbreak  almost  as 
valuable  as  a  shed. 

Windbreaks  play  an  important  role  in  preventing  snow  from  drift- 
ing and  causing  it  to  lie  and  melt  evenly  and  thus  water  agricultural 
fields.  In  areas  where  windbreaks  are  not  used,  a  considerable  por- 
tion of  the  snow  blows  into  road  ditches  or  swales,  where  it  is  of  no 
benefit  to  crops.  By  properly  designing  and  locating  windbreaks, 
highway  departments  find  it  possible  to  control  snow  accumulation 
and  prevent  drifts  from  forming  on  roads  and  thus  reduce  the  cost  of 
snow  removal. 

Effects  of  Forest  Destruction 

What  the  area  of  the  original  forests  was  is  a  matter  of  conjecture. 
It  may  be  safely  assumed  that  the  Atlantic  forest  extended  uninter- 
ruptedly, except  for  some  swampy  treeless  areas,  over  the  entire 
humid  eastern  part  of  the  United  States.  This  would  indicate  a  for- 
est area  of  about  800  million  acres.  The  Pacific  forest  today  occupies 
some  272,500,000  acres  and,  in  spite  of  considerable  encroachment 
by  settlement  and  logging,  largely  retains  its  original  boundaries. 
The  original  forests,  then,  must  have  covered  in  all  about  1,072,500,- 
000  acres. 

The  area  of  forest  land  today,  according  to  the  latest  Forest  Service 
estimates,  is  630,158,000  acres.  In  the  course  of  the  last  150  years, 
settlement,  logging,  and  fires  have  reduced  the  original  area  by  about 
half,  mostly  in  the  East.  This,  however,  does  not  tell  the  whole 
story,  because  what  is  now  classed  as  forest  land  is  not  all  actually 
covered  with  forest.  Most  of  it  is  cut-over  land  on  some  of  which 
second-growth  forest  is  coming  up  and  some  of  which  is  so  depleted  by 
logging  and  fires  that  it  may  be  more  properly  classed  as  wasteland. 
There  remains  today  only  about  100,832,000  acres  of  old-growth 
timber  comparable  to  the  original  forest — less  than  one-tenth — and 
it  is  still  disappearing  at  a  rapid  rate. 

If  forests,  as  has  been  shown,  tend  to  modify  local  climate,  partic- 
ularly in  critical  areas,  by  reducing  extremes  of  temperature,  in- 
creasing humidity,  reducing  surface-wind  velocities,  decreasing  evapo- 
ration, and  conserving  soil  moisture,  their  disappearance  over  large 
areas  should  have  had  an  adverse  effect  upon  local  climate. 

Statistical  evidence  that  the  climate  has  changed  in  some  sections 
of  the  country  as  a  result  of  forest  destruction  is  lacking.  To  begin 
with,  there  are  no  comparable  meteorological  data  upon  which  to 
base  such  conclusions.  One  often  hears  that  in  some  sections  of  the 
country  the  growing  of  certain  fruits  has  been  made  impossible  by 
the  disappearance  of  the  forest.  The  failure  of  peaches  in  the  northern 
part  of  the  Lower  Peninsula  of  Michigan  is  cited  as  an  example. 
But  it  is  often  difficult  to  determine  whether  the  trouble  was  due  to 
the  disappearance  of  the  forest  or  to  some  other  cause. 

298737°— 41 32 
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In  the  bumid  climate  of  the  Bast  the  cutting  away  of  the  forest, 
even  H  followed  by  fires,  seldom  Leaves  the  Land  absolutely  bare.  In 
a  few  years,  shrubs  of  all  kinds  and  pioneer  trees  such  as  aspen!  jack 
pine,  pin  cherry,  and  others  quickly  occupy  the  ground.  While  such 
forests  may  be  of  Little  value  economically,  they  still  exert  more  or 
loss  \\\o  same  climatic  influence  ms  forests  o(  greater  economic  value. 
li  is  only  in  critical  areas  where  forest  vegetation  is  at  the  limit  o( 
its  natural  occurrence  that  it  fails  to  reestablish  Itself  naturally  if 
destroyed.  Furthermore,  where  the  removal  of  the  forest  has  been 
followed  by  agricultural  use  and  proper  handling  of  the  soil,  intensive 
and  careful  cultivation  of  crops  has  to  a  Large  extent  safeguarded  the 
soil  against  erosion  and  rapid  run-off, 

It  is  not  always  easy  \o  find  for  comparison  Large  contiguous  areas 
similar  in  every  respect  except  the  forest  cover.  Of  particular  interest, 
therefore,  are  weather  observations  made  during  L933  and  L936  over 
an  area  of  7,000  acres  in  the  Copper  Basin  of  eastern  Tennessee, 
which  once  was  heavily  forested  but  now  1ms  been  completely  de- 
nuded by  smelter  fumes  (6*),  This  denuded  forest  area  is  surrounded 
by  a  hardwood  forest  similar  to  that  which  originally  occupied  the 
basin.  The  records  show  that  during  both  winter  and  summer 
average  daily  temperatures  were  ^v>  or  4°  P.  Lower  in  the  forest  than 
on  the  denuded  area  and  did  not  generally  rise  as  high.  Average  wind 
velocity  was  7  to  10  times  ;is  great  on  the  denuded  area  in  winter, 
and  34  to  to  times  ms  great  in  summer;  and  evaporation  was  twiee 
reat  in  winter  and  7  times  ms  great  in  summer.  In  the  winter 
of  L936  precipitation  N\as  L7.5  percent  greater  in  the  forest  than  on 
the  denuded  area,  and  in  the  winter  of  1935  it  was  25  percent  greater. 
In  both  summers  it  was  more  than  28  percent  greater.  The  climatic 
differences,  except  in  precipitation,  cmu  be  attributed  definitely  to 
forest  denudation. 

In  the  past .  in  discussing  the  calamitous  effects  of  foivsi  denudation. 
the  Old  World  wms  drawn  upon  for  examples  t ho  denudation  and 
overgrazing  in  the  Alps  ami  Pyrenees,  with  resulting  disastrous  torrents 
and  their  destruction  of  Life  and  property;  the  deforestation  in  China 
and  in  the  Near  Bast  and  its  terrible  consequences.  Fixation  and 
reforestation  of  the  shifting  sand  dunes  in  the  Landes  region  of  south- 
ern France  and  the  extinction  of  the  Alpine  torrents  by  combined 
engineering  works,  sodding,  and  reforestation  were  cited  as  examples 
oi  the  value  o(  forests  in  remedying  and  preventing  such  disasters. 

Today,  unfortunately,  we  ^\o  not  need  to  go  to  the  Old  World  for 
such  lessons.  While  the  effects  of  the  disappearance  of  the  forests  of 
this  country  have  not  vet  reached  the  calamitous  proportions  that 

they  have  in  some  countries  of  the  Old  World,  there  is  enough  evidence 
to  serve  ms  m  warning  of  what  may  come  if  the  natural  vegetative  cover 

on  the  Land  is  destroyed.  Forest  denudation,  followed  by  gross 
misuse  of  agricultural  land,  has  already  resulted  in  the  loss  of  millions 
of  tons  of  soil  materia]  washed  annually  by  the  Mississippi  into  the 
Gulf  oi  Mexico,     The  productiveness  oi  some  7i7  million  once-fertile 

Meres  has  been  essentially  destroyed:  that  o(  another  225  million  Meres 
has   been   seriously    impaired:   and    the    fertility    of   775,678,000   acres 

more  is  threatened  (16),  Those  striking  facts  have  recently  attracted 
the  attention  of  the  people. 

In    many    places    throughout    the   country    the   denudation   of   the 
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mountain  slopes  by  cutting,  overgrazing,  or  fires  has  been  followed 
by  disastrous  floods.  Thai  this  damage  is  caused  almost  exclusively 
by  the  removal  of  the  protective  forest  cover  is  shown  by  a  comparison 
of  two  watersheds,  one  of  whieh  retains  its  protective  cover  and  the 
other  is  burned.  Two  such  canyons  in  southern  California's  chaparral- 
covered  mountains,  for  instance,  were  visited  during  the  last  days  of 
December  1933  by  .'i  genera]  storm.  Twelve  inches  of  rain  fell  on 
both  watersheds.  On  January  I,  L934,  floodwaters  swept  out  of  the 
burned  canyon  and  through  a  town,  destroying  200  homes  and  taking 
34  lives.  \\\  the  unburned  canyon,  just  a  few  miles  away,  this  general 
storm  was  easily  handled  by  the  existing  channel,  and  there  was 
neither  flood  nor  water  damage. 

Thai  the  country  is  awakening  to  the  danger  from  extensive  removal 
of  the  natural  vegetative  cover,  especially  the  forests,  is  indicated  by 
cent  I  v  enacted  legislation  lor  the  control  of  soil  erosion  and 
flood-  at  the  headwaters  of  streams,  by  the  adoption  of  stricter  regula- 
tion- lor  cutting  timber  and  grazing  on  public  lands,  and  by  voluntary 
agreements  between  public  agencies  and  private  owners  for  better  use 
of  their  agricultural  and  forest  lands. 

CLIMATE  AND  FOREST  PRACTICE 

Knowledge  of  the  intricate  relation  between  climate  and  forests 
forms  the  scientific  basis  of  forest  practice.  Such  knowledge  j^ 
'  ial  in  developing  an  effective  system  of  protection  against  fire, 
determining  the  best  methods  of  cutting  in  different  types  of  forest, 
securing  natural  reproduction  of  the  most  desirable  species,  determin- 
ing the  possibilities  of  reforesting  cut-over  land,  carrying  on  various 
cultural  operations  in  young  stands,  such  as  thinnings  and  release 
cuttings,  providing  most  effective  protection  of  watersheds  against 
rapid  run-off  and  erosion,  designing  shelter  belts  in  the  Great 

Plains  for  obtaining  the  greatest  benefit  to  agriculture  and  improving 
living  condition-     in  fact,  in  all  phases  of  forest   practice. 

Protection  oi   Forests   Against  Fire 

Weather  conditions  are  primarily  responsible  for  the  occurrence  and 
the  behavior  of  forest  fires,  since  temperature,  precipitation,  humidity, 
and  air  movement  largely  determine  the  dryness,  and  therefore  the 
inflammability,  of  the  fuel  that  feeds  the  fires.  Temperature  and 
humidity  determine  the  rate  and  extent  to  which  inflammable  material 
dries  out.  while  wind  movement  tends  to  accelerate  drying  and  to 
increase  the  severity  of  fires  by  speeding  up  combustion.     Lightning 

-  important,  since  in  some  localities  it  is  one  of  the  chief  caue 
forest  fires. 

dating  the  various  elements  of  climate  with  the  inflamma- 
bility of  the  leal  Jitter  and  dead  branches  on  the  ground,  it  is  possible 
in  different  localities  and  seasons  to  predict  the  ({cxice  of  fire  hi 
for  any  given  day.  and  thus  to  be  prepared  for  an  emergency.  So- 
called  fire-danger  meters,  now  ;i  part  of  the  field  equipment  of  almost 
every   for  ed    on    definite   relationships   between 

ireather  and  inflammability  of  forest  fuels  for  any  given  combination 
of  conditions.    Th< ■•><-  fire-danger  m* iters,  together  with  fire-weather 
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forecasts  by  local  Weather  Bureau  stations,  constitute  the  first  line 
of  defense  against  fire  dining:  the  danger  season.  \        l£.) 

By  retarding  the  drying  out  of  the  inflammable  material  and  reduc- 
ing the  surface  wind  velocities,  dense  forest  cover  tends  to  lessen  the 
danger  of  fire  and  to  prevent  its  rapid  spread.  Partial  cutting,  which 
means  logging  only  a  part  of  the  standing  trees  at  one  time,  greatly 
reduces  fire  hazard  in  the  forest.  Clear  cutting,  on  the  other  hand. 
increases  the  fire  hazard  enormously. 

In  the  Northeast,  for  example,  it  has  been  found  that  because  of 
higher  temperatures,  greater  wind  movement.  ar.     S  ooration. 

surface  duff  in  the  open  becomes  inflammable  approximately 
sooner  after  a  rain  than  when  imder  forest  cover.    Fully  stock 
hardwoods  are  one  of  nature's  best  -firebreaks,  while  removal  of  the 
entire  forest  cover  is  responsible  for  our  worst  fire  hazard-  se  the 

slash  left  after  logging  dries  out  rapidly  without  shade  or  protection 
against  wind  and  readily  catches  fire.  Instances  where  fires  have 
stopped  at  the  edge  of  green  timber  are  common:  in  fact,  one  of  the 
earliest  methods  of  fighting  fires  was  to  head  them  into  virgin  timber, 
where  they  could  be  controlled. 

While  organization  of  an  effective  fire-protective  force,  fire  towers, 
and  equipment  for  fighting  fires  are  essential,  the  goal  in  fire  protec- 
tion is  to  make  the  forest  as  nearly  fireproof  as  possible,  and  thi- 
be  done  only  when  the  interrelation  between  forests  and  climate  is 
known. 

Perpetuation  of  the  Forest  Rests  Upon 
Knowledge  of  Climate 

Any  forest  if  left  undisturbed  for  long  periods  of  time  will  become 
permanent  in  character  as  a  result  of  attaining  perfect  balance  with 
its  environment.  This  final  stage  in  forest  development  is  usually 
known  as  the  climax  type.  Before  attaining  this  climax  sta_ 
forest  may  have  gone  through  many  different  stages,  each  entirely 
different  from  the  others — somewhat  like  the  evolutionary  stages 
through  which  an  animal  goes  in  embryo  before  assuming  its  final 
form. 

For  instance,  it  is  generally  accepted  that  the  natural  evolution  of 
a  hardwood  forest  in  the  Lake  States,  after  it  has  been  destroyed  by 
fire,  begins  with  aspen.  This  is  the  first  species  to  spring  up  on  cut- 
over  and  burned-over  hardwood  land.  Because  of  the  short  li: 
the  trees,  the  aspen  forest  may  give  way  to  a  white  pine  forest,  and 
this  in  turn  may  change  into  a  hardwood  forest.     That  this  is  the 

-   shown   by   the   frequent   occurrence  in  the  hardwo« 
of  a  few  large  white  pines  which  serve  as  a  reminder  of  an  earlier 
stage  in  its  development.     When  a  mixed  forest  of  white  and  red 
pine  in  the  Lake  States  is  cut  down,  jack  pine  will  probably 
largely  replace  it.     If  left  to  itself,  this  may  eventually  develop  into 
I  pine  or  mixed  red  and  white  pine  forest. 

This  succession  of  one  type  of  forest  by  another  is  a  gradual  read- 
justment of  fore--  :he  changes  in  local  environment 
brought  about  by  each  earlier  stage  in  lopmenx  Ja  sk  pine. 
which  springs  up  readily  in  the  open,  creates  an  environment  more 
favorable  for  red  pine  and  white  pine,  which  are  not  so  well  able  to 
flourish  on  bare  open  si: 
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By  careful  use  of  the  ax,  or  logging,  man  can  perpetuate  either  the 
climax  type  or  any  of  its  earlier  stages  indefinitely.  It  is  not  always 
the  final,  climax  stage  that  is  economically  most  useful.  It  may  be 
desirable  to  perpetuate  the  stage  that  produces  the  m<  - 
products.  It  is  possible,  by  opening  up  the  forest  and  letting  in  more 
sunshine  and  moisture  to  secure  reproduction  of  desirable  speci 
by  keeping  the  canopy  dense,  to  prevent  undesirable    -  -  from 

coming  up.  Broadly  speaking,  forestry  is  intelligent  control  of  light 
and  shade  in  the  forest,  with  all  the  climatic  changes  they  imply. 

Experiments  carried  on  in  Vermont  (1 )  show  that  in  thinning  2  - 
year-old  white  pine  plantation  to  about  one-half  the  basal  area  origi- 
nally occupied  by  the  trunks  of  the  trees,  the  total  solar  radiation  for 
the  months  of  June,  July,  and  August  increased  in  comparison  with 
that  in  the  unthinned  plantation  117  percent  in  the  crowns  and  164 
percent  at  8  inch  2     und  during  the  3  years  following 

thinning.  There  was  also  a  decrease  in  the  percentage  of  rainfall 
intercepted  by  the  crowns  to  less  than  10  percent  of  the  total  rainfall 
All  this  perceptibly  changed  the  temperature  and  moisture  conditions 
of  the  soil  and  was  reflected  in  more  rapid  growth  of  the  trees,  both 
in  height  and  in  diameter. 

Refore-tati 

Similar  knowledge  of  climatic  conditions  is  a  necessary  basis  for  the 
successful  replanting  of  denuded  land.  Small  seedlings  planted  on 
cut-over  and  burned-over  land  are  exposed  to  an  environment  entirely 
different  from  that  which  prevails  within  a  forest.  It  is  not  always 
possible,  therefore,  to  replant  bare  land  with  the  same  species  that 
occupied  the  area  before  the  original  forest  was  destroyed. 

ords  of  soil-surface  temperatures  illustrate  the  severe  climatic 
conditions  with  which  young  trees  planted  in  the  open  must  contend. 
In  1936,  in  the  sand  plains  of  the  northern  part  of  the  Lower  Peninsula 
of  Michigan,  soil-surface  temperatures  during  the  warmest  part  of 
July  reached  a  maximum  of  175°  F.,  and  on  several  occasions  temper- 
atures of  over  135°  F.  occurred  for  periods  of  2  hours  or  more — 
lethal  conditions  for  young  planted  trees  {It).  This  was  an  excep- 
tionally hot  year,  but  it  indicates  the  severe  atmospheric  conditions 
which  young  trees  must  be  able  to  withstand.  Recor 
of  comparable  stock  of  jack  pine,  red  pine,  and  white  pine  on  the  Huron 
-st,  made  in  the  fall  of  1936  at  the  end  of  the  first  year  of 
planting,  were  as  follows:  Jack  pine.  61.2  percent:  red  pine,  33.3  per- 
cent; and  white  pine.  12.0  percent.  ident  that  jack  pine  had  a 
far  better  chance  to  form  a  successful  planting  than  either  red  or 
white  pine — especially  the  latter. 

How  beneficial  even  light  shade  may  be  under  such  conditions  is 
shown  by  the  fad  that  a  single  clump  of  scrub  oak  soil- 

surface  temperature  as  much  as  30 :  F.  during  the  h  art  of  the 

day.     This   is   enough   to   ma:  inference   between    lethal  and 

tolerable  temperatures  for  you    j  Plantations  1  to  13  years  old 

in  the  sand  plains  of  the  Lower  Peninsula  of  _    a  consistently 

show  30  to  40  percent  better  survival  m 

than  on  tl  nrenone.     E  _■-       these 

plantations  are  almost  compl  nuded  of  planted  trees 
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This  is  true  generally.  For  instance,  in  the  West  it  has  been  shown 
that  the  survival  of  ponderosa  pine  during  the  first  dry  season  follow- 
ing field  planting  was  much  higher  (46  percent)  under  the  brush  than 
in  the  open,  owing  to  lower  evaporation  (about  one-half),  higher 
relative  humidity  (about  30  percent),  lower  soil-surface  temperature 
(51°  F.)j  and  greater  soil  moisture  (16). 

It  is  only  by  knowing  the  atmospheric  environment  of  the  land  to 
be  planted  and  the  ability  of  the  species  to  withstand  such  conditions 
that  an  accurate  decision  can  be  made  as  to  where  to  plant  and  what 
to  plant  with  any  hope  of  success. 

Forests  for  Protection  of  Watersheds 

Forests,  especially  at  the  headwaters  of  streams,  play  an  important 
part  in  flood  control.  By  knowing  (1)  the  factors  that  contribute 
toward  increasing  the  infiltration  capacity  of  the  soil  and  reducing 
the  storm  run-off  from  the  watershed,  and  (2)  the  consumption  of 
water  by  the  forest  itself — all  of  them  factors  tied  up  with  local 
climate — it  is  possible  to  develop  the  type  of  forest  that  will  aid 
most  in  conserving  water. 

This  is  well  substantiated  by  records  based  on  4%  years  (1935-38)  of 
observation  at  the  Upper  Mississippi  Soil  Erosion  Station  at  LaCrosse, 
Wis.,  on  the  behavior  of  forested  and  ungrazed  land,  forested  and 
grazed  land,  and  cleared  pasture  land.  During  this  period  the  un- 
grazed forested  watershed  lost  only  0.05  inch  of  precipitation  as 
run-off,  while  the  grazed  woods  lost  2.16  inches  and  the  open,  moder- 
ately grazed  pasture  0.68  inch.  A  forested  watershed  that  is  ungrazed 
has  a  capacity  for  completely  absorbing  all  summer  rainfall  and 
essentially  all  the  melting  snow  in  the  spring. 

During  early  August  in  1935,  southwestern  Wisconsin  experienced 
one  of  the  worst  summer  floods  for  several  decades.  Of  the  total 
rainfall  from  May  to  November  of  that  year,  a  grazed  wood  lot 
under  observation  yielded  9  percent  and  an  ungrazed  wood  lot  only 
0.15  percent  in  run-off.  There  are  in  southwestern  Wisconsin  some 
2  million  acres  of  wood  lots  similar  to  those  studied.  Approximately 
three-fourths  of  that  area  has  been  burned  over,  has  a  sparse  timber 
cover,  and  is  grazed.  On  the  basis  of  the  figures  obtained  at  the 
LaCrosse  Erosion  Station  for  1935,  it  is  estimated  that  these  latter 
wood  lots  during  that  year  contributed  some  5,700  million  cubic  feet 
(1.05  inches)  of  run-off  to  the  Mississippi  and  its  tributaries.  If 
these  woods  were  protected  from  fire  and  grazing,  a  great  deal  of  this 
water  would  be  prevented  from  getting  into  the  streams  in  the  form 
of  surface  run-off. 

Many  more  examples  could  be  cited  to  show  that  effective  forest 
practice  must  rest  on  thorough  knowledge  of  the  relationship  between 
forest  vegetation  and  its  environment.  This  knowledge  is  especially 
important  in  forestry,  because  the  forest  is  a  product  of  natural  forces 
and  must  be  so  dealt  with.  In  agriculture  or  horticulture,  man  can 
employ  intensive  methods  of  cultivation  and  fertilization  and  produce 
crops  by  overcoming  certain  natural  handicaps.  In  managing  a  forest 
or  any  other  wild  land,  he  has  to  work  close  to  nature  and  follow  its 
dictates.  It  is  only  by  knowing  the  natural  laws  that  have  produced 
the  forests  in  the  past  and  those  governing  their  present  development 
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that  this  great  natural  resource  can  be  utilized  for  the  best  interests 

of  all  the  people. 

HOW  CLIMATE  AFFECT.-  FOREST  VEGETATION 

-■  -   M  :    -  •;  ] 

If  the  entire  continent  of  North  America  could  be  seen  at  once  as 
from  an  airplane,  two  broad  forest  belts  would  be  revealed,  one  ex- 
tending from  the  Atlantic  Ocean  inland,  roughly  to  the  Mississippi 
River,  and  the  other  along  the  Pacific  coast  and  inland  to  the  Rocky 
Mountains  (IS).  These  two  forest  belts  are  separated  in  the  central 
part  of  the  continent  by  large  stretches  of  grassland  and  semidesert 
vegetation  (fig.  6).  Only  in  the  far  north  and  south  of  North  America 
do  the  forest  belts  come  together.  North  of  the  fiftieth  degree  of 
ie,  in  Canada,  they  merge  into  one  continuous  stretch  of  sub- 
Atlantic  to  the  Pacific  Ocean.  In  the  south  the 
two  belts  are  connected  by  a  narrow  forest  strip  on  the  plateau  of 
northern  Mexico. 

The  two  forest  belts  vary  greatly  in  width.  The  original  forest 
along  the  Atlantic  coast  comprised  about  800  million  acres,  practically 
all  of  high  economic  value,  while  the  Pacific  forest,  which  still  largely 
retail,  b  riginal   boundaries,   comprises  only  about  272,500,000 

acres  in  the  Coast  Range,  the  Cascade-Sierras,  and  the  Rocky  Moun- 
>nly  about  120  million  acres  is  commercially  valu- 
able. The  location  of  these  two  forest  belts  along  the  two  oceans, 
their  width,  and  even  their  general  character  are  readily  explained  in 
a  of  precipitation  combined  with  the  direction  of  the  prevailing 
winds  and  the  topograph 

The  region  occupied  by  the  Atlantic  forest  is  unbroken  by  any 
great  mountain  ranges,  the  Appalachian  system  having  only  a  few 
high  peaks.  The  prevailing  winds  during  the  growing  season  are  from 
and  southeast.  Because  of  the  low,  rolling 
character  of  the  topography,  the  moisture-laden  winds  from  the  Gulf 
of  M  ep  to  a  great  distance  inland,  accounting  for  the  great 

uninterrupted  width  of  the  eastern  forest  belt. 

The  region  occupied  by  the  Pacific  forest  is  entirely  mountainous, 

broken  by  major  valleys.     The  winds  are  largely  westerly  and  north- 

:iy.     They  are  most  frequent  in  winter  and  bring  the  heaviest 

precipitation  in  that  season.     Except  along  the  north  coast,  therefore, 

the  region  is  characterized  by  moist  winters  and  dry  summers. 

The  region  occupied  by  the  Atlantic  forest  is  geologically  much 
older  than  the  mountaino  The  processes  of  weathering  and 

soil  formation  have  been  going  on  in  the  eastern  part  of  the  country 
for  a  long  time  geologically  and  have  resulted  in  a  preponderance  of 
fairly  deep,  fertile  soils.  This,  together  with  the  favorable  distribu- 
tion of  rainfall  during  the  vegetative  period,  accounts  for  the  over- 
whelming preponderance  of  hardwoods,  which  generally  require  good 
and  ample  humidity  during  the  growing  season. 

The  Pacific  forest  is  much  younger  geologically,  and  the  steep  slopes 

in  many  parts  are  still  undergoing  normal  geological  erosion.     The 

and  young.     This,  together  with  the  low  precipitation 

during  the  summer,  has  produced  a  forest  almost  exclusively  conif- 
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erous  and  confined  largely  to  the  western  slopes,  which  are  exposed 
to  the  moist  air  currents. 

Nowhere  is  the  effect  on  forests  of  ocean-fed  precipitation  combined 
with  topography  so  strikingly  exemplified  as  in  these  mountain  forests 
of  the  West.  Here  the  moist  air  current  encounters  three  principal 
parallel  mountain  ranges,  each  successively  rising  to  a  greater  height. 
A  profile  along  the  thirty-ninth  parallel  of  north  latitude  illustrates 
this  point  (fig.  7).  Along  this  parallel,  the  western  air  current,  fed 
by  the  Pacific  Ocean,  encounters  first  the  Coast  Range,  which  reaches 
almost  to  the  water's  edge.  When  this  air  current  strikes  the  moun- 
tains and  rises,  it  cools  off,  releasing  heavy  precipitation,  which  sus- 
tains a  forest  of  great  density  and  height.  After  the  current  has  crossed 
the  Coast  Range  at  an  elevation  of  about  2,500  feet,  in  descending  it 
becomes  compressed,  hot,  and  relatively  dry.  On  the  east  slope  of 
the  range  precipitation  gradually  diminishes  until  it  is  no  longer  able 
to  sustain  a  forest.  Brush  or  grassland,  therefore,  becomes  the  domi- 
nant vegetation  in  the  valley  and  extends  on  the  west  slope  of  the 
second  mountain  range  (the  Sierra  Nevada)  up  to  an  elevation  of 
about  2,500  feet,  a  level  corresponding  to  the  height  of  the  first  range 
over  which  the  air  current  passes.  Above  this  level,  the  air  current, 
in  ascending,  is  again  cooled  and  yields  precipitation  sufficient  to  sus- 
tain forests,  which  from  that  point  on  extend  as  far  as  the  top  of  the 
Sierra  Nevadas.  On  the  other  side  of  the  Sierra  Nevada  Range,  the 
air,  descending  again,  becomes  dry,  causing  the  replacement  of  the 
forest  by  grass  and  shrub  vegetation  for  the  entire  distance  between 
the  Sierra  Nevadas  and  the  third  range — the  Rocky  Mountains. 
Dense  forest  vegetation  reappears  on  the  western  side  of  the  Rocky 
Mountains  at  an  elevation  of  about  8,500  feet,  corresponding  to  the 
highest  level  of  the  Sierra  Nevada  Range,  and  extends  up  the  moun- 
tains as  far  as  the  temperature  and  exposure  to  wind  permit  (the 
timber  line).  On  the  eastern  side  of  the  Rocky  Mountain  range,  forest 
growth  thins  out  because  only  dry  air  comes  to  this  region  from  the 
west.  Whatever  forests  occur  on  the  east  slope  of  the  Rocky  Moun- 
tains are  largely  due  to  the  moisture  brought  from  the  Gulf  of  Mexico, 
in  the  southeast.  This  precipitation,  however,  is  scant,  and  wherever 
evaporation  exceeds  precipitation  during  the  growing  season,  forest 
growth  gives  way  to  sagebrush  and  grass.  Between  the  Sierras  and 
the  Rocky  Mountains  lie  several  other  smaller  ranges  or  isolated 
peaks.  The  elevated  plains  and  peaks  that  reach  into  the  moist  air 
stream — that  is,  those  that  exceed  8,500  feet  in  elevation — are  covered 
with  forest  growth.     Below  this  limit  is  sagebrush  and  grassland. 

The  occurrence  of  forests  in  the  proximity  of  the  Atlantic  and 
Pacific  Oceans  clearly  indicates  that  the  moist  winds  coming  from  the 
oceans  give  rise  to  forests.  This  is  true  not  only  of  the  New  World 
but  also  of  the  Old  World.  The  Atlantic  Ocean,  which  gives  rise 
to  the  eastern  forest  on  the  North  American  Continent,  is  also  respon- 
sible for  the  forest  belt  bordering  the  Atlantic  Ocean  in  the  Old 
World.  Similarly,  the  Pacific  Ocean  makes  the  existence  of  two 
forest  areas  possible — one  in  the  New  World  (the  western  forests  of 
the  Americas)  and  another  in  the  Old  World,  in  eastern  Asia.  The 
Indian  Ocean  gives  rise  to  a  forest  belt  in  southern  Asia;  the  northern 
Arctic  Ocean  provides  moisture  for  the  adjacent  countries  of  the  Old 
and  New  Worlds  and  renders  the  establishment  of  a  forest  possible 
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wherever  the  temperature  permits.     The  oceans,  therefore,  are  justly 
called  the  "mothers  of  forests"  (8). 

Great  Diversity  in  Forest  Vegetation  and  Climate 

If  ocean-fed  precipitation,  combined  with  wind  movement  and 
topography,  explains  the  general  occurrence  of  forests  as  distinct 
from  brushland,  grassland,  or  desert,  it  alone  does  not  explain  the 
great  variety  of  our  forests. 

Nature  has  endowed  the  United  States  with  the  richest  forests  found 
in  any  of  the  Temperate  Zones  of  the  world.  In  the  Tropics  the  forests 
are  richer  in  species,  in  Russia  there  are  larger  areas  of  contiguous 
forests,  but  nowhere  else  in  the  Temperate  Zones  can  be  found  such  a 
vast  area  of  forests  made  up  of  such  a  variety  of  types  and  species. 
Leaving  out  of  consideration  species  of  semitropical  origin  found  in 
limited  numbers  along  the  coast  of  southern  Florida  and  those  that 
overlap  from  the  Mexican  flora,  as  well  as  all  species  that  do  not 
exceed  1  foot  in  diameter,  there  are  some  700  or  more  arborescent 
species  within  the  limits  of  this  country.  Of  these,  not  less  than  100 
are  of  recognized  economic  value,  and  about  200  may  be  considered 
in  forest  management.  The  richness  of  the  forest  flora  of  this  country 
can  best  be  appreciated  in  comparison  with  the  temperate  forests  of 
Europe,  which  are  made  up  of  not  more  than  a  dozen  species  of 
economic  value. 

The  Atlantic  forest,  in  its  extension  from  south  to  north,  presents 
at  least  five  strikingly  different  types  of  forests  corresponding  to 
differences  in  climate  (fig.  6):  (1)  Mangrove  thickets,  (2)  the  southern 
pineries,  (3)  the  oak  forest,  (4)  the  northern  hardwood  forest  (birch- 
beech-maple),  (5)  the  spruce-fir  forest.  The  Pacific  forest  falls 
roughly  into  two  major  subdivisions:  (1)  Western  red  cedar,  Pacific 
Douglas-fir,  and  redwood  forests,  and  (2)  the  ponderosa  pine  forest. 
Even  these  subdivisions,  however,  are  too  broad;  they  fall  far  short 
of  presenting  the  great  divergence  in  types  of  forest  vegetation — 
natural  biological  units  with  which  man  has  to  deal  as  objects  of 
forest  management.  As  a  matter  of  fact,  no  forest  is  entirely  uni- 
form over  any  large  area,  because  no  large  area  of  the  earth  is 
uniform.  The  smallest  difference  in  elevation  'a  depression  or  a  hill) 
or  in  exposure  (north  or  south  slope)  is  immediately  reflected  in  the 
character  of  vegetation,  because  it  means  differences  in  exposure  to 
the  sun,  in  the  thawing  of  the  snow,  in  surface  run-off,  in  the  process 
of  weathering  of  the  rock,  and  therefore  in  the  character  of  th 

Correlating  Weather  Data  and  Forest  Vegetation 

It  is  largely  through  studies  of  clearly  defined  localized  types  of  forests  and 
their  immediate  environment  that  a  scientific  insight  may  be  gained  into  the  true 
relationship  between  vegetation  and  environment. 

The  precise  nature  and  quantitative  expression  of  climatic  influences  is  only 
now  beginning  to  come  to  light,  as.  on  the  one  hand,  meteorology  develops  more 
refined  instrument-  and,  on  the  other,  biological  science-  reveal  more  and  more 
the  nature  of  the  physiological  res]  slants  to  their  environment. 

How  do  the  various  elements  of  climate  affect  vth?     The  ultimate 

answer   invariably    is:    Through   affecting   th«  ll    condit: 

plant  life,  namely,  heat  a:  _-':it.  relative 

humidity  of  the  air.  and  even  the  soil  itself  are  largely  of  importance  only  insofar 
re  and  heat  available  to  plants. 
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Since  most  of  the  heat  on  the  earth  comes  from  the  sun  and  moisture  comes 
from  precipitation  in  its  various  forms,  it  would  seem  that  it  should  be  compara- 
tively simple  to  determine  the  character  of  the  forest  in  any  locality  merely  from 
the  available  temperature  and  precipitation  data.  But  the  thermometer  measures 
only  the  temperature  of  the  air  and  the  rain  gage  the  amount  of  precipitation  that 
falls  on  the  ground.  A  great  part  of  the  living  tree  is  buried  deep  in  the  ground, 
and  it  is  the  temperature  of  the  soil,  not  of  the  air,  that  affects  the  actively  func- 
tioning roots.  It  is  evident,  therefore,  that  weather  data  alone  cannot  be  trans- 
lated directly  into  terms  of  vegetational  processes. 

Furthermore,  there  is  interdependence  of  climatic  factors  in  their  effect  upon 
forests.  An  average  of  15  inches  of  precipitation  a  year,  for  instance,  is  sufficient 
to  support  a  forest  of  ponderosa  pine  in  Montana.  To  support  the  same  species 
in  New  Mexico,  a  mean  annual  rainfall  of  20  inches  or  more  is  needed,  to  offset 
the  higher  temperature  and  lower  atmospheric  humidity.  When  evaporation 
from  the  soil,  induced  by  high  temperatures,  exceeds  precipitation,  natural  forests 
may  entirely  disappear.  Yet  the  same  amount  of  precipitation  with  lower  tem- 
peratures, and  therefore  less  evaporation,  may  provide  sufficient  moisture  for 
sustaining  forests. 

A  good  illustration  of  this  interdependence  of  climatic  factors  is  furnished  by 
ponderosa  pine  in  Arizona  and  New  Mexico  (10).  A  30-year  record  taken  at  the 
Natural  Bridge  Station  in  Arizona  shows  an  average  annual  precipitation  of 
over  23  inches.  This  is  slightly  above  the  precipitation  found  in  a  typical  pon- 
derosa pine  forest.  Yet  the  species  occurs  here  only  sparingly  and  is  of  sub- 
normal growth.  The  reason  for  this  is  that  the  temperatures  prevalent  in  this 
locality  are  higher  than  those  in  typical  ponderosa  pine  forests,  which  means  a 
higher  rate  of  evaporation  and  a  considerable  reduction  of  the  moisture  available 
for  plant  growth. 

The  opposite  extreme  is  found  in  the  vicinity  of  Elizabethtown,  N.  Mex. 
There  ponderosa  pine  grows  with  2  or  3  inches  less  than  the  usual  minimum 
precipitation  essential  to  this  type  of  forest — but  the  temperature  during  the 
growing  season  is  2°  to  3°  F.  below  the  average  for  ponderosa  pine. 

A  decrease  in  atmospheric  humidity  tends  to  reduce  the  effectiveness  of  pre- 
cipitation, while  high  atmospheric  humidity  makes  it  possible  for  trees  to  get 
along  with  comparatively  small  amounts  of  precipitation,  as  is  often  the  case 
with  forests  growing  on  islands  or  in  a  fog  belt.  Wind,  especially  when  accom- 
panied by  low  atmospheric  humidity,  reduces  the  efficiency  of  precipitation. 

Light — the  part  of  solar  radiation  visible  to  the  human  eye — is  an  important 
factor  in  the  life  of  green  plants.  Yet  in  nature,  light,  heat,  and  moisture  effects 
are  so  intimately  related  that  they  can  be  separated  only  with  difficulty.  The 
warmer  the  climate,  for  instance,  the  less  the  light  requirement  of  trees. 

The  soil  itself  affects  plant  growth  chiefly  through  its  water-holding  capacity. 
To  determine  the  net  effect  of  the  interacting  and  compensating  climatic  factors 
upon  forest  vegetation,  direct  measurements  of  the  temperature  and  humidity  of 
the  soil  become  essential.  Of  similar  significance  are  direct  measurements  of  the 
losses  of  water  from  the  soil  through  evaporation  or  transpiration  of  the  trees 
themselves. 

The  correlation  between  weather  data  and  definite  types  of  forest  is  still  further 
complicated  by  the  fact  that  to  understand  plant  life  properly  it  is  essential  to 
group  all  meteorological  observations  by  periods  of  vegetational  growth  and  rest. 
During  each  of  these  periods,  trees,  like  other  plants,  require  different  amounts 
of  heat  and  moisture.  During  the  winter,  trees  may  withstand  extremely  low 
temperatures  provided  there  has  been  enough  heat  during  the  summer  period  for 
all  the  necessary  physiological  functions.  The  coldest  temperatures  on  record 
occur,  not  near  the  North  Pole,  but  in  the  forested  regions  of  Siberia.  Yet  the 
Siberian  fir,  which  during  its  period  of  rest  withstands  with  impunity  the  lowest 
temperatures  ever  recorded  anywhere  on  the  earth's  surface,  in  the  spring  has 
its  terminal  shoots  killed  at  a  temperature  of  28.5°  F. 

When  the  mean  air  temperature  during  the  four  hottest  months  of  the  growing 
season  does  not  exceed  50°  F.,  the  forest  becomes  scrubby  in  character.  A  tree 
may  grow  in  a  climate  where  the  temperature  during  the  entire  year  does  not  fall 
below  50°  F.;  yet  if  the  mean  temperature  during  the  growing  season  does  not 
greatly  exceed  50°  F.,  the  prolonged  mild  climate  does  not  benefit  its  growth. 

The  same  is  true  of  all  other  climatic  factors,  except  that  in  the  case  of  precip- 
itation not  only  the  total  rainfall  during  the  periods  of  growth  but  also  its  inten- 
sity and  frequency  are  of  great  importance.  The  total  rainfall  during  the  grow- 
ing season  may  be  sufficient  for  sustaining  forest  growth;  yet  if  it  comes  at  fre- 
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qoent  interval?  and  in  small  quantities,  the  effect  upon  vegetation  may  be  negli- 
gible, whereas  the  same  amount  of  precipitation  occurring  in  larger  quantities  at 
lew  frequent  intervals  may  benefit  forest  growth  considerably. 

It  is  evident,  therefore,  that  while  weather  data  for  the  whole  year  are  impor- 
tant, the  records  for  the  grow.  are  of  the  greatest  significance  in  inter- 
relation. 

Within  recent  years  several  Localized  studies  of  the  relation  between  climate 
and  the  occurrence  of  well-recognized,  distinct  forest  types  have  been  made  at 
various  forest  experiment  .ncluding  those  in  Colorado  (3),  N'ew  Mexico 

.  Idaho  and  Utah  (£).  Representative  of  such  studies  Is  one  con- 
ducted -outhwest.  I  and  Range  Experiment  Station  in  northern 
Arizona  and  norther  lerieo,  of  four  forest  types  and  their  environment 
Most  of  the  observations  upon  which  the  conclusions  are  based  began  in 
1908  and  were  continuous  for  more  than  10  years,  while  supplementary  records 
were  taken  at  different  places  for  shorter 

In  this  region,  altitude  far  more  than  latitude  d  the  character  of  the 

climate  and  vegetation.     Forests  occur  mainly  above  the  5,000-foot  contour,  up 
to  11,500  feet  of  elevation,  which  is  the  upper  limit  of  tree  growth.     Four  well- 
defined  forest  types  are  recognized.     These  are,  in  ascending  order :   '  1 )   The  wood- 
land, occupving  the  zone  from  5,000  to  7,000  feet;    (2)    p  oine,   from 
Oouglas-fir,   from    8,000  to  9,500  feet:    and   (4)    Engel- 
•Jbout  11,500  :'                  sm  altitudinal  zones  repre- 
-nt  types  of  both  Co              -  station  and  climate. 

A  direct  correlation  between  several  climatic  factors  and  the  finer  subdivisions 
of  forest  vegetation  is  clearly  indicated  in  table  1.     This  correlation,  he 
manifests  itself  only  during  the  growing  season.     It  is  further  evident  that  it  l-> 
not  one  single 'climatic  fa.  :.e  combination  of  all  climatic  factors  that  ii 

responsible  for  the  difl  the  types  of  forest.     From  this  it  may  be  assumed 

that  wherever  these  climatic  factors  occur  in  the  same  combination  as  in  the  four 
types  of  forest  studied,  the  same  types  of  forest  may  be  expected.  It  is  also 
dear  that  the  conditions  most  affected  by  the  various  elements  of  climate  and 
moat  crucial  to  the  L:  secies  composing  the  types  are  heat  and 

moisture.  In  the  ascent  from  lower  to  higher  altitude,  or  from  warmer  to  colder 
rtimste,  heat  sets  the  upper  limit  for  the  type.     In  t'r.  from  higher  to 

lower  eleva-  From  colder  to  warmer  clim.2 

deficiency,  that  sets  the  lower  limit  of  each  type.  This  relation  provides  a  scien- 
tific basis  for  forest  managen. 


Tamlx  1. —  :ynPA  and  forest  type*  in  northern  Anzov.a 

and 


-  ;;...'.  --  :■--..:  --•.    ---     ',  .r.  -- 

Moii 

■    •■-     •  -.- 

M«n 

ss 

Mean 

Ml 

tern  per  *- 

Ian  \- 

:  M 

Annual 
praripf- 

hmi 

ttm 

Septem- 

Available  aoQ  mois- 

\    NUB 

.'.'.■  M  * 

W<yyilan<i       - 

:■•-..: 

•  F. 

>:-.: 

India 

D 

Indu* 
30-W 

- 
10-13 

- 
- 

Percent 

-     | 

Pon/ierosa  Dine 

7  t> 

Eneeimann  *pcure 

y--. 

■ 

:  *  •. 


Forest  T  ypes  in  the  Soot  h  west  as  Determined  ■ 


'» 


tions,  the  eommomtimi 
tion  of  the  most  *fwrH 
pnam  rf  ^  md  level  i 


hold 


498     •      Yearbook  of  Agriculture.  1941 

LITERATURE  CITED 

(1)  Adams.  W.  R. 

1935.  EFFECT    OF    THINNING    IN    PLANTATIONS    ON    SOME    OF    THE    PHYSICAL 

FACTORS     OF     THE     SITE     AND     ON      THE      DEVELOPMENT     OF     YOUNG 
NORTHERN     WHITE    PINE     (PINTJS     STROBUS     L.'     AND    SCOTCH    FINE 

(penus  silvestris  l.).     Vt.  Agr,  Expt.  Sta.  Bui.  390.  156  pp.. 
illus. 

(2)  Baker,  F.  S.,  and  Korstian.  Clarence  F. 

1931.  suitability  of  brush  lands  in  the  intermountain  region 
for  the  growth  of  natural  or  planted  western  yellow" 
pine  forests.     U.  S.  Dept.  Agr.  Tech.  Bui    -        B    pp.,  illus. 

(3)  Bates,  Carlos  G. 

1924.  FOREST    TYPES    IN    THE    CENTRAL     ROCKY     MOUNTAINS     AS    AFFECTED 

BY    CLIMATE    AND    SOIL.        U.    S.     Dept.     Agr.     Bill.      1233.     152     pp., 

illus. 

(4)  GlSBORNE.    H.   T. 

1925.  MEASURING     FOREST-FIRE      DANGER     IN      NORTHERN      IDAHO.        I" 

Dept.  Agr.  Misc.  Pub.  29.  04  pp..  illus. 

1936.  MEASURING    FIRE    WEATHER    AND    FORES1     INFLAMMABILITY.        I 

Dept.  Agr.  Cir.  39S.  59  pp..  illus. 

(6)  Hursh,  C.  R..  and  Connaughton.  C.  A. 

1938.  EFFECTS  OF  FORESTS  UPON  LOCAL  CLIMATE.   JOUT.  FoiCStrv  36: 

864-866. 

(7)  Marsh.  George  P. 

18S5.    THE  EARTH  AS  MODIFIED  BY  HUMAN  ACTION.        629  pp.        New  York. 

8     Mayr,  Heinrich. 

1925.   waldbau  auf  n aturgesetzlicher  grundlage.      ed.  2.  56s  pp.. 
illus.     Berlin. 
(9     Mitchell,  J.  A. 

1929.  FOREST      FIRE      HAZARD     AS     AFFECTED      BY      WEATHER     CONDI  V 

FOREST     TYPE.    AND     DENSITY    OF     COYER.        Wis.     A^r.     E\p*       3t« 

Res.  Bui.  91.  26  pp..  illus. 

(10)  Pearson,  G.  A. 

1931.    FOREST    types    IN   THE    southwest    as    DETERMINED    BY     CLIMATE 

and  soil.     U.  S.  Dept.  Agr.  Tech.  Bui.  247.  144  pp..  illus. 

(11)  Rudolf.  Paul  O. 

1939.  why   forest  plantations  fail.     Jour.   Forestry   37:  377 

(12)  Shantz,  H.  L.,  and  Zon,  Raphael. 

1924.   natural  VEGETATION.      In  Atlas  of  American  Agriculture,  Part  I. 
The  Physical  Basis  of  Agriculture,  Sect.  E.     u.  S.  Dept.  Agr. 
Adv.  Sheets  6,  29  pp..  illus. 
(13^   Silcox,  F.  A. 

1936.   forests  and  flood  control.     Ainer.  Assoc.  Adv.  Sci..  Occasional 
Pub.  3:  5-16.  illus. 
(14)    Sth'kel,  Paul  W. 

1931.    THE  MEASUREMENT  AND  INTERPRETATION  OF  FOREST  FIRE-WEATHER. 

in     ihe    western    adirondacks.      N.    Y.    State   Col.    Forestry 
Syracuse  Univ.,  Tech.  Pub.  34.  115  pp..  illus. 
(\o\   Vtz.  E.  J.,  and  Kellogg,  Charles  E. 

193S.    THE    NATURE     AND     EXTENT     OF     SOIL     LOSSES.        U.     S.     Dept.     Aer. 

•nook  1938:  84-96,  illus. 

(16)    Wahlenberg.  \V.  G. 

1930.  EFFECT   OF  CEANOTHUS    BRUSH    ON   WESTERN    YELLOW    PINE    PLANTA- 

TIONS   IN    THE    NORTHERN    ROCKY     MOUNTAINS.       JOUT.    Aiir.     Re-. 

41:601-012.  illus. 
ZON,  Raphael. 

1927.     FORESTS    AND    WATER    IN    THE    LIGHT    OF    SCIENTIFIC    INVESTIGATION. 

106   pp.,   illus.     [Reprinted   with  rev.    bibliog.   from   App.    V   of 
Final    Rpt.,    U.    S.    Natl.    Waterways    Com*.,    1912.     - 
469.  62d  Cong..  2d  sess..  pp.  205-302.] 


Climate  and  Man    •     Yearbook  -riculture    •    1941 


Climate  and  Plant 
Diseases 

Hrin»Hi:i 

HERE  in  brief  compass  is  the  dramatic  story  of  the  relation  of 
the  weather  to  wheat  rust  and  how  this  iiin»«nf  is  in  lug,!  part 
frreid  by  plant  breeding.  Other  dev  astatine  plant 
aany  of  which  have  caused  widespread  famines  in  the 

will  undoubted] v  be  overcome  bv  the 
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Some  of  the  earliest  historical  records  set  down  by  man  tell  about 
diseases  and  pests  that  took  toll  of  his  food  resources.  More  than 
once  the  record  tells  of  entire  nations  threatened  with  famine  from 
this  cause.  This  has  happened  throughout  history.  Less  than  a 
century  ago,  late  blight  so  blasted  the  potato  crop  of  Ireland  as  to 
spread'  starvation  throughout  the  island.  Many  Irish-Americans 
trace  their  descent  to  emigrants  who  were  forced  to  leave  the  "ould 
sod"  by  this  disaster.  In  1904.  1916.  1935,  1937.  and  1938,  the 
United  States  and  Canada  experienced  rust  epidemics  in  grain  that 
were  widespread  and  devastating  in  their  severity. 

Centuries  before  man  recognized  the  true  causes  of  rusts,  smuts, 
and  mildews,  he  attributed  such  maladies  to  the  whims  of  the  gods. 
The  Romans  believed  the  god  Robigo  had  the  power  to  protect  wheat 
from  rust,  and  they  held  sacrificial  feasts  (Robigalia)  to  gain  his  good 
will.  Later,  people  attributed  plant  diseases  to  the  vagaries  of  the 
weather.  Finally,  in  the  middle  of  the  eighteenth  century,  Tillet 
proved  that  wheat  bunt  is  transmitted  through  its  "black  dust," 
which  we  call  spores. 

Since  Tillet.  knowledge  in  tins  field  has  grown  enormously,  and  we 
now  know  not  only  the  causes  of  most  of  the  serious  plant  diseases  but 
also  the  true  relationship  of  weather  to  their  incidence,  spread,  and 
effects. 

Weather  influences  plant  diseases  in  many  different  ways.  Some 
require  moist,  humid  conditions  for  infection  and  development;  others 
are  more  serious  when  it  is  relatively  dry.  Some  are  favored  by  cool 
temperatures:  others  require  warm  weather.  In  some  cases  the 
principal  effect  of  weather  is  not  on  the  disease-producing  organism 
itself  but  on  the  host  plant,  or  even  on  an  insect  carrier  of  the  disease. 
when  such  a  carrier  is  necessary  to  cause  infection  of  the  host  plant. 
Many  examples  of  these  different  relationships  might  be  cited,  but 
only  a  few  can  be  given  here. 

The  late  blight  of  potato  is  favored  by  excessive  humidity  and 
moderate  temperatures,  conditions  necessary  for  the  spread  of  the 
parasite.  Warm,  cloudy,  moist  weather  makes  the  apple  and  pear 
more  susceptible  to  bacterial  fire  blight,  gorging  tissues  with  sap  so 
that  they  are  more  readily  invaded  by  the  organism:  hot  dry  weather 
checks  the  progress  of  the  disease.  Moisture  and  moving  air  are 
essential  in  the  sporulation  (spore  formation)  and  spread  of  apple 
scab.  The  spread  of  peach  brown  rot  is  similarly  controlled  by  rain 
and  wind.  Severe  drought  curbs  curly  top  of  sugar  beets  by  killing 
off  certain  annuals  upon  which  the  leafhopper  which  carries  the  curly 
top  virus  to  the  beets  depends  for  summer  survival.  Scab  of  wheat 
and  other  small  grains  is  always  more  prevalent  when  warm,  moist 
weather  occurs  during  the  period  from  heading  to  maturity. 

Among  the  most  important  of  all  the  plant  diseases  affected  by 
weather  are  the  cereal  rusts,  and  their  story  will  be  given  in  more 
detail. 

In  observations  extending  from  1904  to  1925,  Stakman  and  Lam- 
bert found  that  in  Minnesota  and  the  Dakotas  epidemics  of  stem  rust 
did  not  occur  in  seasons  when  the  average  temperature  during  the 
critical  period  was  below  61°  F.  In  some  seasons,  as  in  1910,  even 
when  the  average  temperature  was  relatively  high,  there  was  no  rust 
epidemic,  largely  because  of  deficient  rainfall. 
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In  1915  the  United  States  produced  its  record  wheat  crop — 1,009 
million  bushels.  The  average  summer  temperature  for  that  year  in 
Minnesota  and  the  Dakotas  ran  more  than  4°  F.  below  the  normal  of 
62.5°.  There  was  no  rust  epidemic.  The  season  of  1916  in  the 
spring-wheat  States  started  off  even  more  promisingly  than  did  that 
of  1915.  July  1916,  however,  was  characterized  by  relatively  high 
temperatures  and  fairly  abundant  rainfall.  The  result  was  a  wide- 
spread devastating  epidemic  of  rust.  In  1915  the  spring-wheat  crop 
had  totaled  368  million  bushels,  with  an  average  yield  of  17.8  bushels 
per  acre.  In  1916  the  total  was  178  million  bushels,  and  the  average 
yield  was  9.2  bushels.  The  difference  of  almost  200  million  bushels 
was  principally  due  to  rust,  which  in  turn  was  made  possible  by  the 
warm,  relatively  moist  weather  of  a  single  month,  July  1916. 

Humidity  is  second  only  to  temperature  in  promoting  cereal-rust 
epidemics.  Dew  or  other  free  moisture  on  the  wheat  plants  is  neces- 
sary for  the  germination  of  rust  spores.  If  conditions  prevent 
precipitation  of  rain  or  condensation  of  dew,  there  need  be  little  fear 
of  an  epidemic,  even  with  abundant  spores.  A  succession  of  overcast 
nights  or  of  night-long  wind  movement,  which  prevents  dewfall, 
synchronized  with  the  critical  period  for  rust  infection  will  prevent 
the  spread  of  rust,  even  though  the  average  temperatures  are  favorable. 

The  important  thing  in  the  development  of  a  rust  epidemic  is  that 
certain  necessary  favorable  conditions  operate  at  the  same  time. 
There  must  be  (1)  a  favorably  warm  temperature;  (2)  abundant 
moisture  with  dew  or  rain;  (3)  abundant  spores  to  infect  the  plants; 
and  (4)  a  susceptible  grain  or  grass  host.  More  than  once  when  the 
stage  has  seemed  set  for  a  destructive  rust  epidemic  a  change  in  one 
or  another  of  the  essential  factors  has  prevented  its  culmination. 
These  factors,  however,  did  coincide  in  the  years  previously  mentioned, 
when  there  was  widespread  rust  damage  in  the  Midwestern  States. 

Weather  variations  in  any  one  locality  are  not  the  only  important 
climatic  factors  that  control  epidemics  of  the  cereal  rusts  in  the  United 
States.  The  climatic  weather  complex  of  the  entire  northern  and 
southern  midcontinental  area  of  North  America  also  plays  an  im- 
portant role. 

In  the  northern  part  of  the  United  States  and  in  Canada  the  grain 
and  grass  rusts  produce  red  spores  capable  of  infecting  growing 
grains  and  wild  grasses  up  to  the  end  of  the  growing  season.  At  the 
time  of  the  red-spore  stage,  grain,  both  volunteer  and  fall-sown,  has 
started,  and  grass  has  begun  to  green  up  in  southern  Kansas,  Okla- 
homa, and  Texas.  The  spores  and  grain  would  seem  to  be  far  enough 
apart  so  that  "never  the  twain  shall  meet/'  Climate  and  weather, 
however,  bring  the  two  together. 

It  is  characteristic  of  central  North  America  that  successions  of 
cyclonic  storms  sweep  from  northern  Canada  south  and  east  across 
the  United  States.  Northern  winds  accompanying  such  storms  may 
blow  for  several  days  at  a  time  from  Canada  clear  down  into  Texas 
and  farther.  These  winds  pick  up  the  red-rust  spores  produced  in 
Canada  or  the  northern  part  of  the  United  States  and  carry  them 
across  the  country.  As  rains  occur,  the  spores  are  deposited  and 
produce  infection  on  susceptible  volunteer  and  early-sown  grain 
along  the  way.     Spore  traps  in  Texas  show  heavy  showers  of  red- 
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rust  spores  following  protracted  periods  of  north  winds  occurring  at 
any  time  from  September  into  early  winter. 

Overwintering  rust  infections  in  Texas.  Mexico,  or  elsewhere  supply 
spores  for  new  infections  on  both  volunteer  and  sown  grains  and  on 
wild  grasses  as  spring  growing  conditions  become  favorable.  With 
the  right  combination  of  local  temperatures  and  moisture,  a  general 
infection  may  spread  from  these  primary  points  to  start  secondary 
local  epidemics,  which  merge  and  build  up  countless  billions  of  spores. 
These  spores  are  the  inoculum  for  a  northward  march  of  infection  as 
the  crop  comes  on  successively  from  south  to  north  in  the  spring  and 
early  summer.  A  sequence  of  locally  favorable  weather  conditions, 
with  spore-laden  winds  driving  onward  this  south-to-north  spread 
of  rust,  means  a  rust  epidemic  sweeping  like  wildfire  through  the 
country's  grainfields. 

Dependent  as  it  is  on  climatic  and  weather  forces  beyond  man's 
control,  the  situation  at  first  thought  seems  insurnioun table.  Like 
many  other  problems,  however,  it  becomes  less  awe  inspiring  when 
reduced  to  its  simplest  terms.  The  four  primary  elements  that  must 
coincide  to  induce  a  devastating  rust  epidemic  have  been  noted. 
Temperature  and  moisture,  elements  of  weather,  are  beyond  control; 
nothing  can  be  done  except  to  talk  about  them.  The  amount  of 
inoculum  and  the  acreage  of  susceptible  host  plants,  on  the  other 
hand,  are  vulnerable  and  subject  to  attack.  Substantial  pr<:  _  n 
already  has  been  made  in  curtailing  their  menace.  The  stem- 
resistant  spring  wheat,  Thatcher,  bred  in  cooperative  experiments  in 
Minnesota,  occupied  in  1940  some  17.500,000  acres  in  the  hard  red 
spring  wheat  area  of  the  United  States  and  Canada.  Such  an  acreage 
of  this  variety  in  1935.  1937,  or  1938  would  have  prevented  the 
stem-rust  epidemics  of  those  years  with  losses  of  100  million  bushels 
and  more  each  year.  Soon  a  new  rust-resistant  wheat  developed  by 
cooperative  research  in  Texas  will  be  distributed  to  eliminate  over- 
wintering infections  in  the  South.  This  not  only  will  protect  the 
Texas  wheat  crop  but  will  cut  off  inoculum  from  susceptible  varieties 
grown  to  the  north  and  east.  Similarly,  new  stem-  and  leaf-rust- 
resistant  varieties  of  oats  and  barley  are  being  introduced  that  will 
insure  these  crops  against  the  ravages  of  rust. 

Progress  is  also  being  made  in  the  control  of  other  plant  diseases 
by  breeding  disease-resistant  strains.  The  problem  is  difficult,  and 
undoubtedly  the  road  to  completely  successful  achievement  will  be 
rough.  Yet  in  the  end.  though  we  can  do  nothing  about  the  weather, 
we  may  not  need  to  talk  about  it  so  far  as  plant  diseases  are  concerned. 
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Insects  and  the  ^  eather 


Bv  James  A   Hyslop 


THE  E>  >LOGIST  studying  the  Khres  -     te  finds  that 

weather  is  a  constant  controlling  factor.  It  has  different  effects 
with   different    specie-:    with    each    -  rtain    condition- 

favor,  others  discourage  migrations  and  -«rri< mh  outbreak-.  The 
more  we  learn  ahout  this,  the  better  we  should  be  able  to 
combat  these  enemies  and  be  warned  in  advance  what  to  expect. 
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Insects  place  a  bill  against  our  natural  resources  and  productive 
capacity  of  approximately  3  billion  dollars  a  year;  they  are  often  the 
factor  determining  success  or  failure  in  agricultural  enterprises. 
Many  of  the  more  important  pests  are  so  vitally  affected  by  climatic 
conditions  that  they  must  be  considered  in  any  discussion  of  the 
effect  of  climate  and*  weather  on  agriculture. 

The  insects  have  adapted  themselves  to  the  normal  climatic  con- 
ditions in  the  regions  where  they  naturally  occur,  and  it  is  only  when 
severe  departures  from  these  norms  occur  at  a  critical  period  of  an 
insect's  liie  that  its  numbers  increase  or  decrease  materially.  The 
various  factors  of  climate,  such  as  temperature,  moisture,  and  rate  of 
evaporation,  affect  different  insects  in  varying  degrees  at  different 
times,  and  the  records  generally  included  in  meteorological  publica- 
tions often  give  rise  to  misleading  conclusions  when  used  in  attempting 
to  ascertain  the  effect  of  climate  on  insects. 

Each  insect  has  a  definite  temperature  tolerance  at  each  stage  of 
development.  Below  a  certain  minimum  temperature  it  dies.  Some 
insects  are  able  to  withstand  as  low  temperatures  as  normally  occur  in 
any  inhabited  part  of  the  world,  though  in  most  cases  severe  cold 
can  be  endured  only  during  the  hibernating  period.  Certain  Collem- 
bola  known  as  snow  fleas  are  often  seen  to  be  very  active  on  the  little 
pools  of  water  which  form  on  the  surface  of  ice  when  the  temperature 
rises  slightly  above  freezing;  and  larvae  of  many  aquatic  insects  can  be 
frozen  in  ice  and  resume  activity  immediately  after  the  ice  is  thawed. 

Between  the  minimum  at  which  life  can  exist  and  a  temperature 
known  as  the  threshold  of  development,  the  insect  remains  in  a 
dormant  condition.  Between  the  threshold  of  development  and  a 
higher  temperature  known  as  the  optimum  it  becomes  increasingly 
active.  The  optimum  is  the  range  of  temperatures  at  which  maximum 
development  takes  place  in  the  minimum  time.  It  may  be  a  very 
narrow  range  or  quite  a  wide  one.  Temperatures  above  the  optimum 
retard  development.  From  the  upper  limit  of  the  optimum  to  the 
high  temperature  that  kills  the  insect,  it  lives  either  with  reduced 
activity  or  in  a  state  of  suspended  activit}'  known  as  aestivation. 
Remarkably  high  temperatures  are  tolerated  by  insects.  In  certain 
hot  springs,  mosquitoes,  water  bugs,  and  water  beetles  live  normally 
in  water  ranging  from  100°  to  122°  F. 

The  longer  the  optimum  temperature  is  maintained,  the  greater  the 
number  of  generations  an  insect  may  produce  at  any  given  place  in  a 
single  season.  The  codling  moth,  an  introduced  insect  very  likely 
brought  to  this  country  from  Europe  by  the  earliest  colonists,  is 
probably  the  most  serious  pest  of  apples.  In  the  Northeastern  States, 
although  there  is  a  more  or  less  limited  optimum  period  each  year,  the 
codling  moth  produces  one  brood,  and  a  comparatively  few  individuals 
produce  a  second  brood.  In  the  Shenandoah  Valley  of  Virginia, 
where  there  is  a  more  extended  optimum  period,  two  more  or  less 
complete  broods  are  produced  annually,  and  in  the  Ozarks  the  opti- 
mum period  extends  over  so  long  a  time  that  three  broods  can  often 
be  produced.  In  all  regions  some  individuals  produce  only  one 
generation  despite  favorable  climatic  conditions. 

The  effects  of  moisture  on  insects  are  like  those  of  temperature — 
there  is  a  point  at  which  the  insect  is  killed  by  lack  of  moisture, 
an  optimum  moisture  condition,  and  a  condition  under  which  it  dies 
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factor  in  limiting  boll  weevil  damage.  Wet  summers  are  usually 
accompanied  by  heavy  boll  weevil  damage. 

Certain  tropical  and  subtropical  insects  move  slowly  northward  in 
a  series  of  years  having  high  minimum  winter  temperatures.  Con- 
spicuous among  them  are  the  harlequin  bug,  a  pest  of  cabbage,  and 
the  two  pickle  worms,  which  attack  cucurbits.  These  insects  nor- 
mally pass  the  winter  in  the  South  Atlantic  and  Gulf  States,  where 
they  are  indigenous.  Following  mild  winters  they  move  slowly 
northward,  and  if  a  series  of  such  winters  occur  in  succession  they  may 
even  get  into  New  England  and  the  Lake  States.  The  first  severe 
winter,  however,  exterminates  all  except  those  in  their  normal  habitat. 
The  growing  of  cucumbers  for  pickles  in  the  region  of  normal  occurrence 
of  pickleworms  is  decidedly  handicapped  by  these  insects.  In  the 
Lake  States  and  New  England  they  occur  so  rarely  that  they  are  not 
important. 

One  of  the  most  serious  pests  of  cotton  is  the  cotton  leaf  worm. 
This  insect  is  of  tropical  origin  and,  so  far  as  present  records  show, 
does  not  pass  the  winter  in  North  America.  In  tropical  America  it 
apparently  breeds  continuously  throughout  the  year.  As  the  mild 
weather  extends  northward  in  our  summer  and  southward  over  the 
South  American  continent  in  our  winter,  the  current  generation  of 
moths  of  the  cotton  leaf  worm  flies  away  from  its  center  of  distribu- 
tion. Apparently  the  moths  enter  the  United  States  in  the  lower 
Rio  Grande  section  of  Texas.  The  first  generation  produced  in  this 
area  moves  northward,  and  if  the  moths  enter  this  country  early 
enough  in  the  season,  succeeding  broods  eventually  may  fly  into  the 
Lake  States  and  New  England,  where  they  often  occasion  considerable 
alarm  by  settling  in  countless  numbers  in  the  larger  cities,  attracted 
by  the  night  illumination.  This  moth  is  peculiar  in  being  able  to 
obtain  its  food  by  rasping  the  skin  of  fruits  and  sucking  the  juices; 
most  moths  do  not  have  any  rasping  apparatus  and  cannot  do  this. 
When  the  moth  arrives  before  picking  time  in  the  grape  region  along 
the  Great  Lakes,  it  does  considerable  damage  to  the  grapes.  Less 
damage  is  reported  for  other  fruits  such  as  peaches  and  plums. 

The  corn  earworm,  also  known  as  the  bollworm  and  tomato  fruit- 
worm,  is  an  insect  that  normally  passes  the  winter  in  the  soil  as  far 
north  as  southern  New  Jersey,  in  the  eastern  and  southern  parts  of 
Maryland,  and  westward  throughout  southern  Missouri  to  Kansas. 
In  years  of  mild  winters  it  can  survive  considerably  farther  northward, 
and  following  such  winters  it  does  serious  damage  to  corn  and  tomatoes 
early  in  the  season,  whereas  in  normal  years  little  damage  is  recorded 
to  any  but  the  late  crops. 

The  velvetbean  caterpillar  is  another  tropical  insect  which  is 
decidedly  affected  by  low  minimum  winter  temperatures.  It  passes 
the  winter  successfully  in  southern  Florida  almost  every  year,  and  in 
certain  winters  is  able  to  survive  in  the  Gulf  region.  Following  mild 
winters  it  is  often  a  serious  pest  to  velvetbeans,  cowpeas,  soybeans, 
and  other  leguminous  crops  as  far  north  as  the  Carolinas. 

The  serious  grasshopper  outbreaks  of  the  last  few  years  in  the 
Plains  States  are  a  direct  result  of  a  series  of  dry  seasons.  Drought 
is  particularly  favorable  to  these  insects  when  it  occurs  at  the  time 
the  young  grasshoppers  are  hatching. 

Dry  weather  during  April  and  May  is  very  favorable  for  the  de- 
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velopnient  of  the  chinch  bug.  Incipient  outbreaks  of  this  insect  are 
often  frustrated  by  cool,  wet  weather  at  the  time  the  young  bugs  axe 
leaving  their  hibernation  quarters.  If  the  weather  is  very  cool  the 
insects  are  not  materially  affected,  but  when  it  is  sufficiently  warm 
and  humid  for  the  parasitic  fungus  disease  which  attacks  these 
insects  to  develop,  yet  not  warm  enough  for  the  bugs  to  leave  hiber- 
nation, entire  colonies  may  be  wiped  out.  Even  more  effective  are 
.  rains  when  young  bugs  are  hatched.  All  the  recorded  out- 
breaks of  the  chinch  bug  have  begun  during  periods  of  normal  or  less 
than  normal  rainfall,  and  it  has  usually  been  several  years  before 
adverse  weather  and  other  natural  conditions  reduced  the  number  of 
bugs  to  the  point  where  they  became  unimportant. 

Long  periods  of  abnormal  weather  often  materially  affect  insect 

populations.     In  en  extended  droughts  cover  large  forest 

so  that  the  trees  are  devitalized,  certain  bark  beetles,  such  as 

•uthern  bark  beetle  and  the  hickory  bark  beetle,  become  very 

destructive.     Outbreaks   of   these   insects   are   often   terminated   by 

extended  periods  of  abnormally  wet  weather. 

:e,  dry  fall  which  retards  the  germination  of  wheat  seed  beyond 
a  certain  date  will  practically  eliminate  the  hessian  fly.  The  fact 
that  this  insect  is  so  dependent  upon  moisture  for  emergence  and  for 
a  short  period  after  emergence  upon  available  plants  on  which  to 
oviposit  has  led  to  the  very  practical  control  measure  of  late  planting. 

The  plum  curculio.  though  not  in  general  limited  by  temperature, 
is  adversely  affected  by  prolonged  dry  weather  at  the  period  when 
the  pupae  are  in  the  ground. 

Very  often  the  effect  of  climate  on  insects  is  a  complicated  one. 
The  climate  may  not  directly  affect  a  certain  insect  but  may  affect 
others  that  prey  on  it.  reducing  or  increasing  their  numbers.  For 
example,  following  a  mild  winter  the  green  bug  will  multiply  rapidly 
in  a  cool,  wet  spring  when  temperatures  are  decidedly  below  those 
that  allow  the  parasites  of  this  insect  to  develop.  In  such  years  there 
are  often  serious  green  bug  infestations  over  wide  areas  from  Texas  to 
Minnesota .  Under  normal  temperature  conditions  numbers  of  the  par- 
-  emerge  early  enough  in  the  season  to  keep  this  insect  in  check. 

The  difficulty  encountered  in  the  introduction  of  parasites  of  the 
Japanese  beetle  offers  another  example  of  insect-parasite-climate  re- 
lations. One  parasite,  a  fly  -ry  effective  in  parts  of  Japan  but 
could  not  adapt  itself  to  the  change  in  the  life  history  of  the  Japanese 
beetle  produced  by  the  climate  of  our  Middle  Atlantic  States.  Here 
the  Japanese  beetles  w  delayed  in  their  development  that  the 
flies  had  all  emerged  and  died  before  the  peak  of  emergence  of  the 
beetles,  and  a  very  small  percentage  of  the  beetles  had  eggs  of  the 
parasite  laid  upon  them. 

Another  parasite,  a  wasp,  collected  in  northern  Japan,  can  su- 
fully  produce  females  only  when  it  can  lay  its  eggs  on  the  larger  Japa- 
anese  beetle  larvae :  when  the  eggs  are  laid  on  the  young  larvae,  only 
male  parasites  emerge.  In  the  United  States  either  the  development 
of  the  beetles  was  retarded  or  that  of  the  wasps  was  accelerated  so  that 
when  the  mass  of  parasites  emerged  only  very  small  beetle  larvae  were 
available.  This  necessitated  collecting  strains  of  the  parasite  from 
southern  Japan  and  China,  where  climatic  conditions  had  an  effect  on 
both  the  beetle  and  the  parasite  more  nearly  like  that  in  this  country. 
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Climate  and  Livestock 
Production 


Bv  A.  0.  Rhoad1 


IN  COMPARISON  with  our  knowledge  of  animal  nutrition  and 
animal  diseases,  very  little  is  known  about  the  direct  effects  of 
climatic  factors  on  livestock  production.  Yet  a  surprising 
number  of  significant  facts  have  been  turned  up  in  scattered 
investigations,  and  they  are  summarized  in  this  article.  The 
author  is  especially  interested  in  the  possibilities  of  cross  breed- 
ing as  a  means  of  developing  types  better  adapted  to  regional 
climatic  differences. 


1  A.  0.   Rhoad  is  Animal  Husbandman,  in  Charge,   Iberia  Livestock  Experiment   Farm,  Bureau  of 
Animal  Industry,  Jeanerette,  La. 
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Although  climate  primarily  affects  animals  indirectly  through  its 
influence  on  the  quantity  and  quality  of  the  plant  products  used  as 
feed,  it  also  has  direct  effects,  which  are  for  the  most  part  closely 
connected  with  the  physiological  functions  involved  in  the  mainte- 
nance of  normal  body  temperature  under  diverse  weather  conditions. 
For  most  classes  of  livestock  there  are  optimum  climatic  conditions 
under  which  they  will  develop  and  produce  best  within  the  limits  of 
their  inherent  capacity.  When  farm  animals  do  well  in  a  given  region, 
they  are  said  to  be  well  adapted  to  the  region — that  is,  to  the  climate 
and  the  local  vegetation.  The  quality  and  abundance  of  the  latter  is, 
in  turn,  a  direct  result  of  climate  acting  through  the  soil. 

With  few  exceptions,  all  the  present  types  of  farm  animals  in  the 
United  States  originated  in  other  continents.  Vast  numbers  of 
breeding  stock  have  been  imported  from  many  parts  of  the  Old  World 
and  distributed  to  various  regions  in  this  country.  For  several 
centuries,  through  a  process  of  trial  and  error,  adjustment  of  types 
and  breeds  to  various  environments,  nutritional  planes,  and  economic 
conditions  has  been  going  on,  until  now,  though  the  process  still  con- 
tinues, there  is  evident  a  certain  regional  distribution  of  domestic  types 
and  breeds  as  the  areas  adapted  to  each  type  become  better  defined. 

INDIRECT  AND  DIRECT  EFFECTS  OF  CLIMATE 

A  considerable  body  of  scientific  information  has  accumulated  on 
the  effect  of  seasons,  as  well  as  of  climate  in  general,  on  livestock 
production.  Lush  and  his  coworkers  (19)2  in  the  United  States  and 
Schutte  (32)  in  South  Africa  have  shown  with  beef  cattle  on  the  range 
that  the  rate  of  growth  from  birth  to  about  30  months  of  age  is  directly 
influenced  by  seasonal  changes  in  weather.  The  variations  in  live 
weight  of  calves  in  these  studies  were  due,  however,  not  to  the  direct 
effects  of  climate  on  the  animals  but  to  its  effects  on  pasturage.  In 
the  case  of  dairy  cattle,  Hammond  (IS),  reporting  on  conditions  in 
Jamaica  and  Trinidad  and  Rhoad  {27),  on  conditions  in  Minas  Gerais, 
Brazil,  have  shown  that  the  long  period  of  drought  characteristic  of 
many  parts  of  the  Tropics  materially  reduced  milk  production  by 
greatly  reducing  the  pasturage  available  and  affecting  the  nutritive 
value  of  the  grasses.  Carneiro  (5)  showed  that  when  dairy  cattle 
were  properly  fed  during  the  drought  season  there  was  no  appreciable 
drop  in  production.  The  references  given  are  illustrative  of  the 
marked  influence  of  weather  on  the  plane  of  nutrition  of  animals  and 
the  consequent  effects  on  growth  and  production. 

That  climate  also  influences  the  production  of  dairy  cows  more 
directly  is  shown  in  the  analysis  by  Edwards  (9)  of  the  butterfat 
production  of  Registry  of  Merit  Jersey  cows  in  Maine  and  Georgia. 
The  fact  that  the  study  was  made  of  Registry  of  Merit  records  elimi- 
nates the  nutritional  factor,  as  all  cows  in  this  test  would  be  similarly 
fed  on  a  high  plane  of  nutrition.  The  differences  in  production  are 
considered  to  be  due  to  the  direct  effect  of  climate  on  the  cows. 
There  was  a  midwinter  decline  in  production  in  Maine  that  was 
attributed  to  the  fact  that  barns  were  warmed.  A  somewhat  similar 
study  was  made  by  Warren  (34)  on  the  size  of  eggs  from  pullet-  m 
different  latitudes   and    at   different   temperatures  within   the   same 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  514. 
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latitude.  Larger  eggs  were  produced  in  the  northern  than  in  the 
southern  latitudes  by  pullets  of  the  same  breed,  and  summer  eggs 
were  smaller  than  winter  eggs  from  the  same  birds  (fig.  I).  In  the 
Philippines  rainfall  also  influences  egg  production,  as  shown  by 
Martin  21).  Ou  a  year-round  high  plane  of  nutrition  maximum 
production  is  attained  during  the  dry  season  and  minimum  production 
during  the  wet  season. 

Rainfall  is  also  an  important  factor  in  the  case  of  sheep.  It  is 
generally  recognized  that  the  Merino  as  a  breed  is  not  naturally 
adaptable  to  moist  conditions.  On  the  other  hand.  British  mutton 
breeds  thrive  best  in  a  moist,  cool  climate.  Nichols  22  has  shown 
that,  apart  from  their  effects  on  pasturage,  temperature  and  rainfall 
have  a  pronounced  effect  upon  the  distribution  and  development  of 
the  British  breeds  of  sheep.  In  England  the  denser  sheep  populations 
are  found  in  areas  with  20  to  40  inches  of  rainfall  annually.  In  South 
Africa.  Bonsma  2  has  pointed  out  that  the  best  wool-growing  areas 
have  less  than  20  inches  of  rainfall  and  that  the  production  of  fat 
lambs  is  possible  only  m  areas  with  more  than  30. 

EFFECTS  OF  SEPARATE  CLIMATIC  FACTORS 

Climate,  however,   is  a  complex  thing,  including  such  factors  as 

temperature,  humidity,  atmospheric  pressure,  wind  velocities,  and 
amount  of  light.  Each  of  these  factors  affects  life  processes,  but 
under  natural  conditions  it  is  seldom  possible  to  determine  their 
effects  separately.  For  this  reason,  when  scientists  study  the  effects 
of  climatic  factors  they  take  one  at  a  time  and  try  to  hold  all  the 
other  factors  of  the  environment  constant,  varying  only  the  one  under 
investigation.  Since  temperature  is  perhaps  the  most  important 
climatic  factor  in  livestock  production,  and  certainly  the  easiest  to 
control  in  experiments,  considerable  work  has  been  done  on  the 
effects  of  temperature  on  farm  animals. 

Temperature 

With  dairy  cattle  Regan  and  Richardson  (25)  have  shown,  under 
controlled  conditions,  that  as  the  atmospheric  temperature  increased 
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respiration  rate  and  body  temperature  rise  (fig.  2),  indicating  in- 
creased difficulty  in  disposing  of  body  heat.  This  is  reflected  in 
grazing  habits;  less  time  is  spent  grazing  in  an  open  pasture  on  a 
bright"  calm  summer  day  than  on  an  overcast  day.  Cattle  grazed 
more  also  on  bright  summer  days  when  there  was  a  gentle  breeze  than 
when  the  air  was  still.  Pico  $4)  states  that  European  types  of  cattle 
are  adapted  to  certain  areas  in  Puerto  Rico  because  of  the  rather  con- 
stant Caribbean  trade  winds  there. 

OVERCOMING  CLIMATIC  DISADVANTAGES 
BY  BREEDING 

That  some  of  the  ill  effects  of  high  temperature  and  humidity  can 
be  overcome  by  clipping  the  animals  has  been  pointed  out  by  Forbes 
et  al.  (11)  and'Rhoad  (30),  working  with  cattle,  and  by  Ritzmanand 
Benedict  (81),  working  with  sheep.  It  has  been  clearly  demonstrated 
in  recent  years,  however,  that  the  lack  of  adaptability  of  certain  types 
of  animals  to  tropical  climatic  conditions,  as  evidenced  by  discomfort, 
low  production,  and.  frequently,  degeneration  in  type  (3),  can  best  be 
overcome  bv  breeding.     That  there  are  distinct  differences  between 


P.B.  ABERDEEN  ANGUS 

QUARTER-BRED  ('/4  BRA.  ^4A.AJ 

•X-  HALF-BRED  (!/•?  BRA     '/fc  A.A.) 

»l —  P.8    BRAHMAN 


TIME   SEPT  13,  1937 

ATMOSPHERIC  TEMPERATURE CF)68 

RELATIVE  HUMIDITY  (PERCENT)      95 


£    10  1.0 


9  5  C 


T  30      8 

8  30      9      9  30 

10  10  1040  11 10 

1140  1210  12  40  HO     140    210 

2  50    3  20    350 

70      73 

76       79      80 

90      90      92 

96       98      99        102     98      100 

93       94      95 

86      82 

79       72      68 

60      60      57 

55       52       52       53      49      49 

49       46      47 

1  k.i  ke  2. — Respiration  rate  [A)  and  body  temperature  (B)  of  cattle  moved  from  the 
shade  and  exposed  to  strong  sunlight  on  a  summer  day.  Note  the  rise  in  the  case  of 
all  except   the  purebred  Brahman,  which  maintained  almost  a  level  rate  throughout 

the  period  of  observation. 
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species  and  breeds  in  ability  to  withstand  climatic  conditions  has  been 
amply  demonstrated  by  Rhoad  (28,  30)  and  Carneiro  and  Rhoad  (6) 
in  the  United  States  and  Brazil,  Bisschop  (1)  and  Bonsma  et  al.  (4)  in 
South  Africa,  French  (13)  in  Tanganyika  Territory,  Kelley 3  in 
Australia,  and  Manresa  (20)  in  the  Philippines. 

The  superior  adaptability  of  the  Brahman  (Zebu)  types  of  cattle  to 
tropical  climatic  conditions  is  being  utilized  in  various  ways.  Ed- 
wards (10)  has  shown  in  Jamaica  that  when  the  relatively  low  milk 
producing  but  highly  adaptable  Montgomery  (Sahiwal)  type  of  Zebu 
was  crossed  with  European  dairy  cattle,  the  offspring  were  frequently 
much  better  producers  than  their  parents.  Cross  breeding  had  given 
them  a  constitution  permitting  them  to  express  high  productive 
capacity  in  a  tropical  environment.  Comparable  results  have  been 
obtained  with  crossbred  beef  cattle  in  South  Africa  (1),  Australia,3 
and  the  Gulf-coast  region  of  the  United  States. 

Cross  breeding  of  Brahman  with  standard  beef  breeds  for  resistance 
to  subtropical  climatic  conditions  has  been  a  general  practice  in  the 
Gulf-coast  region  for  more  than  a  generation.  From  one  of  these 
crosses,  the  Shorthorn  X  Brahman,  there  has  evolved  the  first 
strictly  American  breed  of  beef  cattle,  the  Santa  Gertrudis  (fig.  3), 
developed  by  the  Klebergs  of  the  King  Ranch,  Kingsville,  Tex. 
In  an  experimental  way  the  United  States  Department  of  Agriculture 
is  developing  a  new  type  at  the  Iberia  Livestock  Experiment  Farm, 
Jeanerette,  La.,  by  crossing  the  Brahman  with  the  Aberdeen  Angus. 
Other  crosses  using  the  Africander  breed  are  also  being  made  for 
purposes    of    comparison. 

Improved  dairy  types  of  cattle  adaptable  to  tropical  and  sub- 
tropical climatic  conditions  are  being  developed  in  India  with  pure 
Brahman  (Zebu)  stock,  while  in  Brazil,  Jamaica,  and  the  Philippines 
new  Brahman-European  crossbred  types  are  appearing  (29).  That 
dairy  strains  of  Brahman  cattle  have  not  been  used  in  the  continental 
United  States  to  improve  the  heat-resisting  ability  of  dairy  cattle 
in  the  South  is  partly  owing  to  the  availability  of  the  Jersey,  which 
Freeborn  et  al.  (12)  have  shown  possesses  more  heat  tolerance  than 
some  of  the  other  breeds  in  the  United  States.  Tests  at  Jeanerette, 
La.,  show  that  this  breed  has  a  heat  tolerance  somewhat  superior 
to  the  one-quarter  Brahman,  three-quarters  Angus  crossbred  (un- 
published data).  The  preponderance  of  Jersey-bred  cattle  in  the 
Southern  States,  pointed  out  by  Davidson  (7)  some  years  ago,  may 
be  explained  on   this  basis. 

According  to  Hammond  (17),  the  pig  under  domestication  is  usually 
well  housed  and  therefore  not  subjected  to  extreme  climatic  conditions 
in  the  Temperate  Zone.  Hale,  however,  has  shown  that  in  Texas 
summer  temperatures  reduce  the  rate  of  gain  of  fattening  hogs.  In 
the  Philippines  (14)  a  new  breed,  the  Berkjala,  a  cross  between  the 
Berkshire  and  the  native  Jalajala,  is  being  developed  as  a  lard-type 
hog  to  resist  tropical  climatic  conditions. 

Farm  animals  are  kept  for  the  most  part  in  an  environment  that 
is  in  many  ways  artificial,  man-created.  Much  of  the  success  of  the 
livestock  industry  depends  upon  our  ability  to  furnish  a  favorable 
environment  in  which  livestock  can  develop  and  produce  to  the  limit 

3  Kei.I.KY,  H.  B.      ZXBTJ  (BBAHMAH)  CHG88CATTL!  AM)  THKIK  I'OSSIHll.lTIKS  IN  NORTH  AUSTRALIA.    Council 

Sci.  and  Indus.  Res.  Prog.  Rpt.  3,  30  pp.,  illus.     1938.     [Mimeographed.] 
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Figure  3. — The  bull  shown  is  a  Santa  Gertrudis,  the  first  breed  of  cattle  to  be  evolved 

in  the  United  States  to  meet  specific  climatic  conditions.     It  was  developed  for  heat 

resistance  by  crossing  the  Brahman  with  the  beef -type  Shorthorn. 

of  their  inherent  capacities.  To  the  extent  that  this  cannot  be  done 
economically,  it  is  necessary  to  select  and  modify  breeds  to  fit  the 
natural  environment,  of  which  climate  is  a  major  part. 

LITERATURE  CITED 


(1)  Bisschop,  J.  H.   R. 

1938.  THE     RELATION     BETWEEN     ENVIRONMENT     AND     ANIMAL     BREEDING 

WITH    SPECIAL    REFERENCE    TO    THE    BREEDING    OF    CATTLE    IN    THE 

semi-arid    regions    of    south    africa.     13th    Internatl.    Vet. 
Cong.  Papers,  Heft  12,  pp.  [3]-48,  illus. 

(2)  Bonsma,  F.  N. 

1939.   FACTORS  INFLUENCING  the  growth  and  development  of  lambs 

WITH   SPECIAL  REFERENCE  TO   CROSS-BREEDING   OF   MERINO   SHEEP 

for  fat-lamb   production  in  south  africa.     Pretoria  Univ. 
Pub.  Ser.  1,  Agr.  No.  48,  214  pp.,  illus. 

(3)  Bonsma,  J.  C. 

1940.   the    influence    of    climatological    factors    on     CATTLE.      OB- 
SERVATIONS on  cattle  in  tropical  regions.      Farming  in  So. 
Africa  15:   373-385,  illus. 
(4) Scholtz,  G.  D.  J.,  and  Badenhorst,  F.  J.  G. 

1940.    THE    INFLUENCE    OF    CLIMATE    ON    CATTLE.        FERTILITY    AND    HARDI- 
NESS  of   certain    breeds.     Farming   in    So.    Africa    15:    7-12, 
16,  illus. 
(5)   Carneiro,    Geraldo   G. 

1939.  ALGUNS    FATORES    QUE    INFLUEM    SOBRE    A    PRODUCAO    DE    LEITE    DE 

VACAS    MESTICAS    SIMENTAIS    SOB    O    SISTEMA    DE    RETIROS.        ReV. 

de  Indus.  Anim.   (n.  s.)  2  (1):  28-48,  illus. 


Climate  and  Livestock  Production     •     515 

(6)  Carneiro,   Geraldo  G.,   and  Rhoad,   Albert  O. 

1936.  the  development  of  calves  in  the  tropics.  Trop.  Agr.  [Trini- 
dad] 8:  177-180,  illus. 

(7)  Davidson,    F.    A. 

1927.     RELATION    OF  TAURINE  CATTLE    TO    CLIMATE.        EcOll.    GeOg.   3:    [466]- 

485,  illus. 

(8)  Dawson,  J.  R. 

1938.    THE      BREEDING      EFFICIENCY      OF       PROVED      (AGED)      SIRES.       Jour. 

Dairy  Sci.  21:   725-737,  illus. 

(9)  Edwards,  F.  R. 

1938.    EFFECTS    OF    CLIMATIC    FACTORS    ON    LIVESTOCK.       Allier.    SoC.    Allilll. 

Prod.  Proc.  31:   48-53,  illus. 

(10)  Edwards,  J. 

1932.    BREEDING    FOR    MILK    PRODUCTION    IN    THE    TROPICS.       Joiir.     DailV 

Res.  3:   [281]-293,  illus. 

(11)  Forbes,  E.  B.,  and  others. 

1926.    THE     INFLUENCE     OF    THE     ENVIRONMENTAL    TEMPERATURE     ON     THE 

heat  production  of  cattle.     Jour.  Agr.  Res.  33:   579-589. 

(12)  Freeborn,  Stanley  B.,  Regan,  William  M.,  and  Berry,  Lester  J. 

1934.  the  effect  of  petroleum  oil  fly  sprays  on  dairy  cattle. 
Jour.  Econ.  Ent.  27:   382-388. 

(13)  French,  M.  H. 

1940.  CATTLE-BREEDING  IN  TANGANYIKA  TERRITORY  AND  SOME  DEVELOP- 
MENTAL problems  relating  thereto.  Empire  Jour.  Expt.  Agr. 
8  (29):  [ll]-22,  illus. 

(14)  Gonzalez,  B.  M. 

1932.  THE  ANIMAL  IMPROVEMENT  PROGRAM  OF  THE  COLLEGE  OF  AGRICUL- 
TURE.    Philippine  Agr.  21:  1-8,  illus. 

(15)  Hammond,  John. 

1931.  tropical  dairying  problems.  Trop.  Agr.  [Trinidad]  8:  311-315, 
illus. 

(16) 

1934.   fertility   in   poultry.      Harper- Adams   Util.    Poultrv   Jour.    19:, 
487-496,    illus. 
(17) 


1936.  ENVIRONMENTAL  CONDITIONS  AND  LIVESTOCK  BREEDING.       Problemy 

Zhivotnovodstva  8:   [107]-112. 

(18)  Kelley,  M.  A.  R.,  and  Rupel,  I.  W. 

1937.  RELATION    OF    STABLE    ENVIRONMENT    TO    MILK     PRODUCTION.       U.    S. 

Dept.  Agr.  Tech.  Bui.  591,  60  pp.,  illus. 

(19)  Lush,  Jay  L.,  Jones,  J.  M.,  Dameron,  W.  H.,  and  Carpenter,  O.  L. 

1930.   normal  growth  of  range  cattle.     Tex.  Agr.  Expt.  Sta.  Bui.  409, 
34  pp.,  illus. 

(20)  Manresa,  Miguel. 

1934.  a  quarter  century  of  work  on  animal  improvement.     Philip- 
pine Agr.  23:   433-443,  illus. 

(21)  Martin,  Rufino  G. 

1940.   A    statistical  study   of  seasonal   variation   in  the    egg   pro- 
duction OF  WHITE  LEGHORN  AND  RHODE  ISLAND    RED    CHICKENS. 

Philippine  Jour.  Anim.  Indus.  7:   45-52,  illus. 

(22)  Nichols,  J.  E. 

1933.  THE    DISTRIBUTION   OF   BRITISH   PURE-BRED   FLOCKS   OF   SHEEP   IN   RE- 

LATION to  environment.     Jour.  Anim.  Ecol.  2:    1-23,  illus. 

(23)  Phillips,  Ralph  W.,  and  McKenzie,  Fred  F. 

1934.  THE      THERMO-REGULATORY      FUNCTION      AND      MECHANISM      OF      THE 

scrotum.     Mo.  Agr.  Expt.  Sta.  Res.  Bui.  217,  73  pp.,  illus. 

(24)  Pico,  Frank. 

1937.  EL    MEJORAMIENTO    DEL    GANADO    LECHERO    EN    LOS    TROPICOS.       ReV. 

de  Agr.  de  Puerto  Rico  29:   269  289,  illus. 

(25)  Regan,  W.  M.,  and  Richardson,  G.  A. 

1938.  REACTIONS    OF    THE    DAIRY    COW    TO    CHANGES     IX     ENVIRONMENT  \  I. 

temperature.    Jour.  Dairy  Sci.  21:   73-79. 

(26)  Rhoad,  Albert  O. 

1935.  the  dairy  cow  in  the  tropics.     Aiiut.  Soc.  Anim.  Prod.  Proc.  28: 

212-214. 


516     •     Yearbook  of  Agriculture,  1941 

(27)   Rhoad,  Albert  O. 

1935.    PRODUCTION     OF     BRAZILIAN     DAIRY     CATTLE      UNDER     PENKEEPING 

system.     Ztschr.  f.  Ziicht.,  Reihe  B,  Tierziicht.  u.  Ziicht  ungsbiol. 
33:   105-118,  illus.     . 
(28) 


(29) 
(30) 


1936.    THE     INFLUENCE     OF     ENVIRONMENTAL    TEMPERATURE     ON    THE    RES- 
PIRATORY RHYTHM  OF  DAIRY    CATTLE   IN   THE    TROPICS.      Join*.    Agr. 

Sci.  [England]  26:   [36]-44,  illus. 

1938.    MEJORAMIENTO  DEL  GANADO  EN  LA  AMERICA  TROPICAL.      Pail   Anier. 

Union,  Ser.  sobre  Agr.  No.  128,  22  pp.,  illus. 


1938.  SOME  OBSERVATIONS   ON  THE   RESPONSE    OF    PUREBRED    BOS    TAURUS 

AND  BOS  INDICUS  CATTLE  AND  THEIR  CROSSBRED  TYPES  TO  CER- 
TAIN conditions  of  the  exviroxment.  Anier.  Soc.  Anim.  Prod. 
Proc.  31:   284-295,  illus. 

(31)  Ritzman,  E.  G.,  and  Benedict,  F.  G. 

1931.    THE     HEAT     PRODUCTION     OF     SHEEP     UNDER     VARYING     CONDITIONS. 

N.  H.  Agr.  Expt.  Sta.  Tech.  Bui.  45,  32  pp. 

(32)  Schutte,  D.  J. 

1935.    FACTORS    AFFECTING    THE    GROWTH    OF    RANGE    CATTLE    IN    SEMI-ARID 

regions.  Onderstepoort  Jour.  Vet.  Sci.  and  Anim.  Indus.  5: 
535-617,  illus. 

(33)  VlLLEGAS,   VALENTE. 

1939.  LIVESTOCK    INDUSTRIES     OF     COCHIN     CHINA,     CAMBODIA,     SIAM,     AND 

malaya.     Philippine  Aer.  27:   693-725,  illus. 

(34)  Warren,  D.  C. 

1939.    EFFECT    OF    TEMPERATURE    ON    SIZE    OF    EGGS    FROM    PULLETS    IN    DIF- 
FERENT latitudes.    Jour.  Agr.  Res.  59:   441-452,  illus. 


Climate  and  Man    •     Yearbook  of  Agriculture    •    1941 


I        Climate  in  Relation  to 
Worm  Parasites  of  Livestock 


By  John  T.  Lucker 


THERE  ARE  many  kinds  of  worms  that  find  their  way  into  the 
bodies  of  animals  and  produce  a  diseased  condition  often  serious 
in  its  effects.  The  climate  of  a  region  has  a  great  deal  to  do  with 
the  type,  spread,  and  intensity  of  these  parasitic  diseases;  so 
does  the  weather  from  season  to  season.  Exactly  what  elements 
in  the  climate — temperature,  moisture,  sunlight,  and  so  on — are 
favorable  or  unfavorable  in  each  case?  Just  what  effects  does 
each  element  have,  and  at  what  stage  in  the  life  cycle  of  the 
parasite?  The  more  we  know  about  this,  the  better  we  will  be 
prepared  to  deal  with  the  problem  of  controlling  or  preventing 
the  diseases.  This  article  gives  some  of  the  evidence  that  is 
now  available. 


John  T.  Lucker  is  Associate  Zoologist,  Zoological  Division,  Bureau  of  Animal  Industry. 
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In  order  to  understand  how  climatic  factors  affect  parasitism,  it 
is  necessary  to  understand  certain  phases  of  the  life  cycles  of  the  vari- 
ous kinds  of  worm  parasites  and  certain  differences  in  the  types  of  life 
cycles  occurring  among  them. 

While  they  are  adults,  and  in  some  cases  while  they  are  larvae, 
many  kinds  of  worm  parasites  live  in  the  bodies  of  warm-blooded 
animals  such  as  livestock,  and  are  thus  protected  from  the  external 
environment.  Except  for  a  few  relatively  imimportant  species,  how- 
ever, these  parasites  cannot  complete  their  entire  life  cycle  from  egg  to 
adult  within  the  bodies  of  the  final  host  (called  the  definitive  host  by 
zoologists);  ordinarily,  a  part  of  their  development  takes  place  else- 
where. The  microscopic  eggs  or  the  larvae  of  the  parasite,  which  must 
leave  the  body  of  an  infested  final  host  by  one  route  or  another,  are 
well  adapted  to  survive  in  the  external  environment.  Almost  without 
exception  a  parasite  in  these  early  stages  of  development  cannot 
immediately  infect  a  definitive  host  but  must  first  undergo  further 
development  either  on  the  ground  or  within  the  body  of  another 
organism  known  as  an  intermediate  host.  Most  kinds  of  worm  para- 
sites produce  enormous  numbers  of  eggs  or  larvae,  some  of  which 
ordinarily  succeed  in  completing  this  necessary  development  in  regions 
where  the  parasites  are  endemic — that  is,  where  they  are  always  present ; 
but  even  in  such  favorable  regions,  climatic  factors  strongly  influence 
the  occurrence  and  degree  of  parasitism  either  directly  or  indirectly. 

With  a  few  exceptions,  the  eggs  or  young  larvae  of  the  roundworm 
(nematode)  parasites  of  livestock  and,  so  far  as  is  known,  the  eggs  of  all 
of  the  tapeworms  (cestodes),  flukes  (trematodes),  and  thorn-headed 
worms  (Acanthocephala)  infesting  these  animals  pass  from  the  defini- 
tive host's  body  onto  the  ground  with  the  feces  or  other  excreta.  For 
a  time,  then,  they  are  subjected  to  the  external  environment. 

The  eggs  of  some  of  the  common  and  important  roundworms 
(ascarids,  trichurids)  of  livestock  undergo  a  preliminary  development 
and  then  develop  embryos  and  become  infective,  while  still  in  the 
egg  stage,  to  a  definitive  host.  The  eggs  of  others  (strongyles,  tricho- 
strongyles)  hatch  after  developing  embryos  and  yield  larvae  which 
must  undergo  further  development  before  they  become  infective 
(fig.  1).  Thus  these  eggs  and  larvae  are  subjected  to  the  external 
climatic  environment  for  varying  periods  depending  upon  the  time 
required  for  their  development  and  the  interval  before  they  are 
acquired  by  a  definitive  host. 

In  the  life  cycles  of  some  roundworms  (such  as  some  metastrongyles 
and  all  spirurids)  and  of  the  thorn-headed  worms,  intermediate  hosts 
are  involved.  The  eggs  of  these  forms  are  infective  for  the  inter- 
mediate hosts,  which  are  invariably  invertebrates,  without  first  under- 
going any  development  on  the  ground;  but  some  time  may  elapse  before 
they  are  acquired  by  the  intermediate  hosts,  and  during  this  period  they 
are  directly  subjected  to  environmental  influences. 

As  a  rule,  the  larvae  of  filarioid  nematodes  (such  as  the  dog  heart 
worm)  are  ingested  with  the  blood  of  the  definitive  host  by  biting 
insects,  which  act  as  intermediate  hosts;  hence  they  do  not  come  in 
direct  contact  with  climatic  conditions. 

Intermediate  hosts  are  also  involved  in  the  life  cycle  of  all  flukes 
and  tapeworms  infecting  livestock.  The  eggs  of  some  flukes  have 
already  developed  embryos  when  they  are  passed  in  the  feces  and  yield 
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PIGS  BECOME  INFESTED  BY  SWALLOWING 
INFECTIVE  LARVAE  WITH   CONTAMI- 
NATED FORAGE  ,  BY  ROOTING  IN 
LITTER  CONTAINING  INFECTIVE 
LARVAE  ,   AND  BY  LYING  DOWN 

5         IN  PLACES   WHERE  SUCH 
LARVAE    ARE 
PRESENT  . 


INFECTIVE    LARVAE  SURVIVE    IN 
SHADY  PLACES  ,  BENEATH    CORN 
HUSKS,  AMONG  DAMP    PINE 
NEEDLES  .  AND   IN  LITTER 
OF  ALL  SORTS  . 


Figure  1. — Life  cycle  of  the  swine  kidney  worm. 

young  ciliated  larvae  (miricidia)  capable  of  infecting  snails  when  the 
eggs  are  ingested  by  these  mollusks.  The  eggs  of  most  flukes,  however, 
must  undergo  a  period  of  development  before  hatching  and  yielding 
larvae  capable  of  infecting  the  snail  intermediate  host.  The  survival 
and  hatching  of  the  eggs  or  the  development  of  the  larvae  depend  on 
climatic  conditions.  The  larval  flukes  (cercariae)  that  develop  in 
the  snail  in  some  cases  leave  its  body  and  encyst  (form  a  tough  outer 
covering)  on  vegetation,  where  they  must  cope  with  environmental 
conditions  (fig.  2);  in  other  cases,  second  intermediate  hosts — snails, 
fish,  or  insects,  as  a  rule — are  required  for  the  development  of  the 
infective  stage  of  the  fluke. 

Usually  the  eggs  of  tapeworms  are  infective  to  intermediate  hosts 
when  passed  in  the  excreta  of  the  definitive  host.  But  they  may  not 
be  ingested  by  the  former  for  some  time  and  hence  may  be  subjected 
to  climatic  conditions.  Some  of  the  tapeworms  utilize  invertebrates 
as  intermediate  hosts,  while  others  utilize  vertebrates,  including 
domestic  animals. 

Thus  it  is  apparent  not  only  that  climate  frequently  exerts  a  direct 
effect  upon  eggs  and  larvae  of  worm  parasites  but  that  it  also  pro- 
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Figure  2. — Life  cycle  erf  the  Jiver  fluke  of  -beep  and  eattle. 

foundly  influences  the  parasitism  of  livestock  by  flukes,  tapeworms, 
thom-headed  worms,  and  some  of  the  roundworms  through  its  effects 
on  the  prevalence  and  distribution  of  intermediate  hosts. 

There  is  some  information  available  concerning  the  distribution 
of  the  various  worm  parasites  in  regions  having  different  climatic  con- 
ditions, and  there  are  some  reports  of  outbreaks  of  parasitic  disease 
that  have  been  traced  to  unusual  weather  conditions  in  given  region-. 
But  there  are  few  reports  of  actual  field  studies  of  the  mutual  relation- 
ships between  preparasitic  stages  of  the  parasites  and  their  environ- 
ments. Experiments  on  the  effects  of  temperature,  moisture,  and 
sunlight  on  the  eggs  and  larval  stages  of  many  of  the  common  worm 
parasites  of  livestock  and  poultry  have  been  reported.  In  some  c 
these  experiments  have  clarified  the  relationships  between  the  climatic 
conditions  prevailing  where  the  parasite  occurs  and  its  distribution. 
To  a  considerable  extent,  therefore,  statements  regarding  the  effects 
of  climate  on  parasitism  in  livestock  are  based  on  reasoning  from 
experimental  data  and  known  facts  concerning  distribution.  In 
general  the  evidence  available  on  the  relation  between  climate  and  the 
occurrence  and  intensity  of  parasitic  infestations  is  more  satisfactory 
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in  the  case  of  parasites  of  man  than  in  the  case  of  parasites  of  livestock. 
.se  of  the  similarity  of  many  of  the  parasites  of  man  to  those  of 
domestic  animals  it  is  permissible  to  introduce  some  of  this  evidence. 

EFFECTS  OF  MOISTURE 

The  eggs  of  roundworms  and  flukes  that  undergo  development  on  pastures 
before  they  become  infective  to  definitive  or  intermediate  hosts  or  before  larvae 
fcgfcfc  from  them  require  a  certain  amount  of  moisture.  The  larvae  that  hatch 
from  roundworm  eggs  also  cannot  develop  to  the  infective  stage  unless  a  certain 
amount  of  moisture  is  present,  and  in  this  stage  their  resistance  to  drying  out 
(derieeation)  varies  greatly.  Hence  moisture  and  rainfall  play  an  extremely 
important  role  in  the  distribution  of  these  parasites. 

Tile  large  intestinal  roundworm  of  man  (Ascaris  lumbricoides)  is  probably  the 

commonest  and  most  widely  distributed  of  all  human  parasites  because  of  the 

resistance  «:  diverse  conditions  (8).a     This  para-ite  is  found  in  the 

moist  Tropics,  in  Arctic  areas,  and  in  countries  that  have  almost  desert  conditions. 

ffeioeeuiience  in  true  desert  regions  is  probably  explained  by  the  existence  of  oases 

or  other  local  moist  areas.     It  has  been  reported  that  the  eggs  of  the  human  and 

the  pig  Aacaris  seem  to  be  similar  in  their  ability  to  resist  desiccation  and  to 

develop  in  partially  dry  atmosphere  After  being  dried  on  glass  slides,  the 

did  not  develop  embryos  in  atmospheres  less  than  80  percent  saturated  with 

Some  eggs  of  the  horse  ascarid  developed  embryos  in  atmospheres 

50  percent  saturated  with  moisture,  but  practically  all  pig  Ascaris  eggs 

perished  in  9  days  under  such  conditions.     Drying  seems  to  be  one  of  the  most 

important  factors  in  killing  eggs  of  the  human  Ascaris,  and  there  is  some  evidence 

le  level  of  ascarid  infestation  in  man  is  reduced  during  a  long  dry  season  (8) . 

The  eggs  of  the  dog  whipworm  ( Trichuris  vulpis)  require  a  very  high  degree  of 

develop  embryos,  but  less  moisture  is  required  by  the  eggs  of  one  of 

thelar.  al  roundworms  of  the  dog  (Toxocara  canis)  {25).     An  important 

•   influencing  the  incidence  of  whipworm  and  large  intestinal  roundworm 

infestations  in  man  in  various  parts  of  the  world  is  a  difference  in  the  moisture 

requirements  of  the  eggs:  the  incidence  of  large  intestinal  roundworm  infestation 

has  been  found  to  be  much  greater  in  drier  situations  than  that  of  whipworm  (24) . 

Probably  the  same  explanation  applies  to  these  two  types  of  worms  in  swine, 

since  it  has  been  reported  (28)  that,  of  348  hogs,  principally  from  southern  Georgia 

and  Borthern  Florida,  74  percent  were  infested  with  large  intestinal  roundworms 

-cent  with  whipworms. 

The  human  hookworm,  unlike  Ascaris,  is  found  only  in  regions  of  considerable 

humidity  in  a  zone  falling  between  36°  north  latitude  and  30°  south  latitude,  since 

-living  lar  .    -  require  a  moist  medium  and  a  temperature  between  60° 

and  90G  F.  for  development  (5).     The  strongyle  nematode  parasites  of  livestock 

are  more  or  less  closely  related  zoologically  to  the  human  hookworms  and  have 

the  same  type  of  life  cycle.     But  the  conditions  required  for  the  development  and 

survival  of  the  eggs  and  larvae  in  feces  and  on  the  ground  differ  somewhat,  and 

their  resistance  to  climatic  conditions  varies  considerably  among  the  different 

species. 

The  several  closely  related  species  of  strongyies  and  trichostrongyles  occurring 
in  sfceep  are  responsible  for  a  condition  frequently  called  parasitic  ga^trit;- 
dUerent  times  and  in  different  regions  one  or  another  species  or  group  of  species 
of  these  worms  appears  to  be  responsible  for  losses  in  affected  flocks.     A  study  of 
the  prevalence  of  the  gastrointestinal  parasites  of  sheep  throughout  Queensland, 
ilia,  as  indicated  by  the  number  of  animals  infested  with  worms  in  various 
-owed    that    precipitation    was    the    chief    climatic    determinant.     A 
annual  rainfall  (about  14  inches1  wa*  one  of  the  most  worm- 
free  areas.     The  distribution  of  the  common  stomach  worm  of  sheep  [Haemonchns 
CfmtortuLg)   throughout  Australia  and  other  parts  of  the  world  shows  that  it  is 
primarily  dependent  on  summer  rainfall  (19) ;  in  areas  of  winter  rainfall  such  a^ 
England,  N'ew  Zealar  -  t  is  of  comparatively  little  impor- 

tance.    Records  available  up  to   1912  indicated  that  in  the  United  States  the 
mach  worm  constituted  an  actual  menace  to  flocks  were 
u-tern  and  Middle  Western  -med  likely  that  the  dry: 

the  western  plains  wa  -  r  that  made  this  parasite  of  less  importance  in  that 

1  Italic  number?  in  parentheses  refer  to  Literature 
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region  (9) .  This  worm  is  most  plentiful  in  sheep  in  the  South  where  its  abundance 
is  favored  by  warmth  and  moisture,  but  it  is  also  a  pest  in  low  wet  areas  throughout 
the  country  (10). 

In  1934  and  again  in  1938-39  worms  caused  trouble  in  sheep  in  South  Africa 
because  of  wet  summers,  and  farmers  were  warned  that  since  the  winter  of  1939 
had  not  been  as  dry  as  usual,  further  trouble  was  to  be  expected  in  1940  (15); 
while  it  was  still  spring,  reports  were  being  received  of  lungworms  in  sheep  from 
regions  where  these  worms  had  not  been  a  menace  in  previous  years. 

A  rank  growth  of  feed  of  low  nutritive  value  during  a  wet  season  has  been  a 
factor  in  an  outbreak  of  parasitic  gastritis  in  sheep  in  New  Zealand  (13).  A  super- 
abundance of  herbage  favors  the  development  and  survival  of  infective  larvae  of 
sheep  strongyles  by  favoring  the  retention  of  moisture  in  feces  on  the  ground  (82) . 

An  unusually  dry  season,  however,  may  sometimes  favor  an  outbreak  of  para- 
sitism. The  occurrence  of  such  an  outbreak  in  sheep  in  Great  Britain  during  the 
winter  of  1933-34  was  explained  as  due  to  an  unusually  dry  season  (31) ;  species  of 
Trichostrongylus  (commonly  referred  to  as  small  hairworms)  were  the  primary 
cause  of  the  disease.  Eggs  of  Trichostrongylus  axei  that  have  developed  embryos 
are  very  resistant  to  drying  (14),  and  it  was  concluded  that  the  outbreak  in  ques- 
tion was  in  part  due  to  the  storage  on  pastures  of  eggs  that  retained  their  vitality 
but  could  not  develop  during  the  dry  period  (31).  When  wet  weather  came,  a 
mass  development  of  infective  larvae  resulted.  Poor  pasturage  during  the  dry 
season  also  resulted  in  close  cropping  and  an  excessive  intake  of  infectious  material 
by  the  sheep,  and  undernourishment  decreased  their  resistance  to  worm  infestation. 

Another  effect  of  very  heavy  rainfall  may  be  to  cleanse  pastures  of  parasite 
eggs  and  larvae.     This  has  been  reported  to  occur  in  Puerto  Rico.3 

EFFECTS  OF  TEMPERATURE 

When  adequate  moisture  is  present,  temperature  controls  the  speed  of  the 
development  of  eggs  and  larvae;  in  fact,  they  cannot  develop  at  all  except  at 
suitable  temperatures.  Below  a  certain  temperature,  varying  somewhat  with 
the  species  of  parasite,  development  is  completely  arrested,  and  still  lower  temper- 
atures may  kill  the  developing  and  infectious  stages. 

The  rate  of  development  of  eggs  of  the  swine  whipworm  (Trichuris  suis)  is 
dependent  upon  temperature;  the  lower  the  temperature,  the  smaller  the  per- 
centage of  eggs  that  develop  embryos  (1).  At  room  temperature  the  eggs  of 
the  common  liver  fluke  (Fasciola  hepatica)  hatch  in  about  18  days;  at  36°  to  50° 
F.  they  may  remain  viable  for  more  than  2l/2  vears  but  do  not  develop  embryos 

(11). 

The  eggs  of  some  nematodes  are  very  resistant  to  low  temperatures.  Fresh 
eggs  of  the  pig  Ascaris  have  remained  viable  at  —2°  to  —16°  F.  for  40  days  (7). 
Many  eggs  of  the  common  cecal  worm  of  poultry  (Heterakis  gallinae)  have  sur- 
vived for  67  to  172  days  at  25°;  after  exposure  they  were  capable  of  developing 
embryos  and  were  subsequently  infective  to  poultry  (S3).  The  eggs  of  many  of 
the  strongyle  nematodes,  however,  are  less  resistant  to  low  temperatures;  those 
of  a  number  of  species  of  the  trichostrongyles  infesting  sheep  were  killed  by  3 
days'  exposure  at  14°  (8).  Eggs  of  the  swine  kidney  worm  (Stephanurus  dentatus) 
were  killed  in  10  days  at  50°  (23).  Those  of  the  common  sheep  tapeworm 
(Moniezia  expansa)  survived  longest  in  a  moist  environment  at  36°-37°,  although 
some  survived  alternate  freezing  and  thawing  for  considerable  periods  (12). 
In  general  it  appears  that  alternate  freezing  and  thawing  is  more  lethal  to  nema- 
tode eggs  and  larvae  than  continuous  freezing. 

Among  the  infective  larvae  of  the  strongyle  nematodes  of  livestock,  those  of  the 
large  (red-worms)  and  small  (cylicostomes)  strongyles,  which  cause  the  condition 
in  horses  known  as  strongyloidiasis,  are  noted  for  their  ability  to  survive  for  long 
periods  when  exposed  to  subfreezing  temperatures.  In  all  regions  where  horses 
are  raised  they  may  become  infested  with  these  worms.  It  is  known  that  some 
of  the  infective  larvae  can  overwinter  in  very  cold  regions,  and  they  are  also  re- 
ported to  be  very  resistant  to  desiccation;  nevertheless  they  are  a  more  serious 
menace  to  horses  in  warm  moist  regions  than  elsewhere. 

It  has  been  reported  that  the  infective  larvae  of  some  of  the  nematodes  of  sheep 
do  not  survive  on  pastures  over  the  winter  months  in  eastern  Canada  (30)  and 
that  in  particular  the   nodular  worm    (Oesophagostomum  sp.)   and  the  stomach 
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worm  (Haemonchus)  are  not  resistant  to  winter  conditions.  Both  laboratory  and 
field  studies  show,  according  to  this  report,  that  in  eastern  Canada  nodular  worm 
larvae  are  unable  to  survive  from  one  pasture  season  to  the  next. 

The  swine  kidney  worm  is  one  of  the  most  serious  obstacles  to  profitable  swine 
production  in  the  South  {££),  but  it  is  not  known  to  be  a  problem  to  swine  pro- 
ducers in  the  Northern  States.  Temperature  undoubtedly  affects  the  distribution 
of  this  parasite.  In  Australia  the  important  centers  of  kidney  worm  infestation 
are  largely  confined  to  the  northeastern  coastal  belt,  mainly  because  temperatures 
are  lower  on  the  higher  tablelands  and  in  the  southern  coastal  areas  (4).  Not  only 
are  the  eggs  of  this  worm  susceptible  to  freezing  and,  as  already  noted,  to  low  tem- 
peratures above  freezing,  but  the  infective  larvae  also  have  been  killed  by  freezing 
under  field  conditions  in  Georgia  (27).  However,  moisture  also  is  important  as  a 
determinant  of  kidney  worm  distribution.  In  Queensland,  Australia,  the  inci- 
dence of  this  parasite  in  swine  from  November  1930  to  February  1931  was  about 
63  percent  in  an  area  where  the  annual  rainfall  may  be  as  high  as  158  inches,  32 
percent  in  an  area  with  a  rainfall  of  34-45  inches,  and  2.5  percent  in  an  area  with  a 
rainfall  of  27-36  inches  (18).  Both  the  eggs  and  the  infective  larvae  of  the  kidney 
worm  are  reported  to  be  extremely  susceptible  to  desiccation  in  comparison  with 
the  same  stages  of  other  .strongyles  (4).  Data  on  summer  and  winter  tempera- 
tures and  rainfall  in  several  parts  of  Australia  showed  that  the  areas  where  in- 
festations in  swine  were  most  common  were  those  in  which  warm,  equable  summer 
temperatures  coincide  with  heavy  rainfall  (4)-  In  regions  where  summer  tempera- 
tures were  suitable  but  where  summer  rainfall  was  very  low  the  parasite  was 
unknown.  One  of  these  regions  had  a  winter  rainfall  of  about  18  inches  and  winter 
temperatures  not  so  low  as  those  in  a  region  where  the  parasite  was  very  common. 

The  eggs  of  the  human  and  pig  Ascaris  will  develop  at  temperatures  between 
about  44°  and  100°  F.  and  those  of  the  ascarids  of  dogs  and  horses  within  a  slightly 
greater  range  (16).  Eggs  of  two  of  the  swine  stomach  worms  (Ascarops  strongylina 
and  Physocephalus  sexalatus)  are  very  resistant  to  freezing  (1).  Possibly  the  eggs 
of  other  roundworms  that  require  intermediate  hosts  have  a  similar  resistance  to 
low  temperatures. 

While  low  temperatures  injure  parasite  eggs  and  larvae  to  a  variable  degree, 
high  temperatures  also  kill  them,  and  usually  the  lethal  high  temperature  is  about 
the  same  for  all  species.  It  has  been  shown  that  eggs  of  the  human  Ascaris  are 
almost  instantaneously  killed  at  158°  F.  and  that  a  temperature  of  122°  is  lethal 
to  them  in  about  45  minutes  (16).  In  Panama  eggs  of  the  human  Ascaris  perished 
rapidly  on  the  surface  of  sand  when  a  temperature  of  122°  was  reached  (2).  Under 
field  conditions  it  is  difficult  to  determine  whether  the  failure  of  eggs  and  larvae  to 
survive  on  bare  unshaded  ground  is  due  to  high  soil  temperature,  to  desiccation,  or 
to  the  action  of  the  rays  of  the  sun. 

EFFECT  OF  SUNLIGHT 

It  has  been  demonstrated  experimentally  that  sunlight  kills  parasite  eggs  and 
larvae  when  temperature  and  moisture  are  held  within  a  range  that  is  not  deadly. 
In  Puerto  Rico  both  undeveloped  and  infective  eggs  of  the  pig  Ascaris  both  in 
water  and  in  a  dried  condition,  were  killed  when  exposed  for  a  few  hours  to  direct 
sunlight  (29).  It  was  also  reported  that  infective  swine  kidney  worm  larvae 
were  susceptible  to  sunlight  and  were  never  recovered  even  from  moist  soil  ex- 
posed more  than  a  few  hours  to  the  sun  (27).  Neither  fresh  nor  infective  eggs 
of  the  large  roundworm  of  fowls  (Ascaridia  galli)  in  a  liquid  medium  survived 
more  than  3  hours'  exposure  to  sunlight 

Sunlight  is  essential  to  nearly  all  plant  life  and  determines  the  very  existence 
of  the  host  animals  without  which  parasites  could  not  exist .  but  it  is  scarcely  as 
important  as  other  climatic  factors  in  limiting  the  distribution  of  parasites,  since 
more  or  less  shade  occurs  wherever  temperature  and  moisture  permit  the  growth 
of  vegetation.  Also,  the  host  animal's  feces  afford  some  protection  from  the 
sun's  rays.  Nevertheless,  sunlight  affects  the  prevalence  of  the  infectious  stages 
of  the  parasites  locally  and  within  pastures.  As  already  noted,  infective  kidney 
worm  larvae  were  not  found  on  moist  soil  in  hog  lots  exposed  to  sunlight 
and  infective  larvae  of  the  swine  nodular  worms  (Oesophagostomum  sp. 
found  on  pastures  only  in  situations  protected  from  sunlight  and  desiccation  (26). 
Furthermore,  the  migrations  of  infective  strongyle  larvae  in  soil  and  on  grass 
blades  are  affected  by  both  moisture  and  sunlight;  the  larvae  of  many  strongyles 
avoid  intense  light.  These  migrations  affect  the  accessibility  of  the  larvae  to 
grazing  livestock. 
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EFFECT  ON  DISTRIBUTION  OF  INTERMEDIATE 

HOSTS 

As  an  example  of  the  indirect  effect  of  climate  on  the  distribution  of  parasites 
through  its  influence  on  the  distribution  of  their  intermediate  hosts,  the  case  may 
be  cited  of  the  nematode  Oxyspirura  mansoni,  the  eye  worm  which  can  cause 
blindness  in  poultry.  This  worm  has  been  known  to  occur  in  Florida  for  many 
years,  and  more  recently  it  has  spread  to  Louisiana  (3).  Elsewhere  in  the  United 
States  it  is  not  known  to  occur,  but  it  is  endemic  in  the  tropical  belt  in  both 
Eastern  and  Western  Hemispheres.  The  intermediate  host  of  the  eye  worm  is 
a  cockroach,  Pycnoscelus  surinamensis.  The  distribution  of  this  roach  is  tropical, 
extending  into  subtropical  regions.  In  the  United  States  the  roach  occurs  in 
Florida,  Louisiana,  and  Texas;  elsewhere  it  has  become  temporarily  established 
only  in  greenhouses  and  places  similarly  heated  during  cold  weather  (84).  Ap- 
parently it  is  introduced  into  northern  greenhouses  with  shipments  of  tropical 
plants.  It  has  been  reported  that  the  roach  requires  a  certain  amount  of  mois- 
ture and  that  in  greenhouses  it  was  most  plentiful  in  rooms  having  a  temperature 
of  60°  to  80°  F.  (35).  Most  of  the  roaches  removed  in  winter  to  an  unheated 
room  were  killed  in  about  a  week;  during  this  period  temperatures  of  36°  to  40° 
were  reached.  At  24°  the  roaches  were  all  killed  in  14  hours,  and  at  1°  all  were 
killed  in  10  minutes.  Thus  even  where  adequate  rainfall  occurs,  the  distribution 
of  this  roach  in  nature  is  limited  by  temperature. 

Liver  fluke  disease  (fascioliasis)  affords  an  example  of  the  manner  in  which 
unusual  climatic  conditions  affect  outbreaks  of  parasitic  disease  by  affecting  the 
distribution  and  prevalence  of  intermediate  hosts.  In  England  the  disease  has 
occurred  in  sudden  and  severe  outbreaks  lasting  1  or  2  years  and  separated  by 
long  periods  during  which  it  is  severe  only  in  restricted  localities  (17).  There 
can  be  no  doubt,  according  to  the  report  cited,  that  these  outbreaks  are  made 
possible  by  a  sudden  and  enormous  increase  in  the  numbers  of  the  snail  inter- 
mediate host  (Limnaea  truncatula)  due  to  particularly  favorable  climatic  condi- 
tions. Records  show  that  the  disease  spreads  rapidly  following  a  series  of  wet 
years.  Wet  weather  and  floods  widely  disseminate  the  snail  from  its  usual  marshy 
breeding  places.  An  investigation  of  the  circumstances  surrounding  an  outbreak 
of  liver  fluke  disease  in  Germany  in  1924-25  showed  that  the  wet  summer  of  1924 
followed  two  other  wet  years  which  had  already  favored  an  increase  in  the  snail 
population,  and  the  floods  of  1924  then  spread  snails  over  larger  areas  (21). 

CLIMATE  AND  THE  CONTROL  OF 
PARASITIC  DISEASES 

To  some  extent  measures  for  the  control  of  certain  parasitic  infesta- 
tions in  livestock  take  advantage  of  the  destructive  effects  of  climatic 
factors  on  eggs  and  larvae  of  the  parasites.  For  example,  it  has  been 
recommended  that  to  avoid  kidney  worm  and  nodular  worm  infesta- 
tions, pigs  should  be  raised  on  clean,  dry,  well-drained  soil  that 
receives  the  maximum  of  sunlight  (4) ;  farrowing  equipment  should 
be  located  on  such  an  area  at  one  end  of  the  farrowing  field,  and  this 
area  should  be  kept  free  of  debris  and  vegetation  (26,  27).  The 
drainage  of  swampy  areas  serving  as  breeding  places  for  snails  is  one 
of  the  measures  sometimes  practicable  for  the  control  of  liver  fluke 
infestations  in  cattle  and  sheep. 

It  is  generally  held  that  parasitic  diseases  as  a  whole  are  more  prev- 
alent and  cause  more  damage  to  livestock  in  the  warm,  moist  South- 
ern and  Southeastern  States  than  in  any  other  large  area  in  the  United 
States.  Yet  even  for  this  region  comprehensive  and  precise  informa- 
tion is  not  available  on  the  distribution  of  the  various  species  of  para- 
sites or  on  the  effects  on  the  prevalence  and  intensity  of  infestations 
caused  by  general  and  local  climatic  differences  or  by  variations  within 
seasons  in  different  years.     There  is  need  for  further  and  more  com- 
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prehensive  investigation  of  the  whole  subject  of  climate  in  relation 
to  parasitic  diseases  of  livestock  before  it  will  be  possible  to  evaluate 
fully  the  significance  of  the  subject  in  relation  to  the  scientific  practice 
of  animal  husbandry. 
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Flood  Hazards  and  Flood 
Control 


THE  FACT  that  as  long  as  man  has  been  on  earth  floods  have 
plagued  him  with  some  of  the  most  dramatic  of  all  disasters  is 
proof  enough  that  they  are  never  likely  to  be  eliminated.  But 
there  is  also  proof  that  we  can  add  greatly  to  the  flood  hazard 
by  the  way  we  use  the  land.  The  business  of  discovering 
exactly  what  causes  this  increased  risk,  and  how  to  reduce  it, 
i-  not  simple.  It  is  being  intensively  studied  nowadays:  some 
Itepe  toward  improvement  are  being  taken:  and  flood  forecast- 
ing, which  make-  it  possible  to  give  warning  in  advance,  is  also 
being  improved.  A  number  of  scientific  workers  in  soil  con- 
servation, forestry,  and  meteorology  have  contributed  to  this 
article  on  ihe  -ubject. 
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THE  HYDROLOGIC  CYCLE 

By  Benjamin  Holzman  * 

Three-quarters  of  a  century  ago  George  Marsh,  the  geographer,  in 
discussing  the  deficiencies  of  existing  climatic  data,  summarized  the 
problems  of  hydrology  as  follows  {24,  P-  25)\2 

*  *  *  none  can  tell  what  percentage  of  the  water  they  [the  lands]  receive 
from  the  atmosphere  is  evaporated;  what  absorbed  by  the  ground  and  conveyed 
off  by  subterranean  conduits;  what  carried  down  to  the  sea  by  superficial  channels; 
what  drawn  from  the  earth  or  the  air  by  a  given  extent  of  forest,  of  short  pasture 
vegetation,  or  of  tall  meadow-grass;  what  given  out  again  by  surfaces  so  covered, 
or  by  bare  ground  of  various  textures  and  composition,  under  different  conditions 
of  atmospheric  temperature,  pressure,  and  humidity;  or  what  is  the  amount  of 
evaporation  from  water,  ice,  or  snow,  under  the  varying  exposures  to  which,  in 
actual  nature,  they  are  constantly  subjected. 

The  science  of  hydrology,  which  is  concerned  with  the  properties 
and  distribution  of  water  and  thus  with  furnishing  answers  to  these 
questions,  has  made  notable  progress  during  the  last  two  decades. 
Of  basic  importance  has  been  the  recognition  of  the  fact  that  the 
distribution  and  transport  of  water  in  the  form  of  a  solid,  a  liquid,  or 
a  vapor  obey  a  fundamental  law  of  equilibrium.  This  relationship, 
representing  the  balance  of  water  that  exists  between  the  hydrosphere 
(oceans,  lakes,  streams,  and  underground  waters),  the  lithosphere 
(the  solid  part  of  the  earth),  and  the  atmosphere,  is  called  the  hydro- 
logic  cycle. 

Of  the  total  precipitation  on  continental  areas,  a  portion  is  returned 
to  the  oceans  as  run-off  through  rivers  and  streams,  and  the  remainder 
is  restored  to  the  atmosphere  by  evaporation  and  transpiration.  At 
any  given  time,  of  course,  some  water  is  in  storage  in  the  soil,  and 
considerable  time  may  elapse  before  this  water  enters  the  streams 
through  underground  flow  or  is  returned  to  the  atmosphere.  Although 
the  amount  of  water  held  in  storage  increases  with  precipitation  and 
diminishes  with  evaporation,  it  eventually  enters  into  the  hydrologic 
cycle.  Thus  the  balance  between  precipitation  (P),  run-off  (R),  and 
evaporation  (E)  can  be  expressed  as  a  simple  equation,  P=R-\-E, 
and  the  three  components — P,  R,  and  E — may  be  considered  as 
fundamental  variables  in  the  hydrologic  cycle. 

WATER-CYCLE  MEASUREMENTS 

In  the  United  States  detailed  information  on  the  characteristics 
of  rainstorms  has  been  accumulating  rapidly.  Approximately  2,500 
automatic  recording  and  6,000  nonrecording  rain  gages  distributed 
throughout  the  country  now  supply  precipitation  measurements. 
In  addition,  concentrations  of  rain  gages  on  selected  small  plots  or 
watersheds  furnish  data  for  research  on  the  relation  of  precipitation 
to  infiltration  and  run-off,  the  variations  in  rate  and  duration  of 
rainfall,  and  other  related  storm  phenomena.  Upper-air  soundings 
of  temperature,  pressure,  humidity,  and  wind  have  also  provided 
meteorologists  with  fundamental  data  from  which  a  better  under- 


1  Benjamin  Holzman  is  Associate  Soil  Conservationist,  Climatic  and  Physiographic  Division,  Office  of 
Research,  Soil  Conservation  Service. 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  576. 
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standing   of    the    genesis    and    nature    of  storms  has  been   evolved. 

Stream  gages  on  all  important  rivers  and  od  many  of  their  tribu- 
taries furnish  comprehensive  information  on  the  volume  of  run-off. 
Supplementing  these  data,  detailed  studies  of  water  movement  in 
soils  have  indicated  what  portion  of  the  water  that  seeps  into  the 
soil  is  made  available  for  agriculture,  what  portion  is  returned  to  rivers 
and  streams  by  underground  flow,  and  how  a  soil-moisture  reservoir 
may  be  established. 

Until  recently  evaporation  from  natural  land  surfaces  has  defied 
measurement.  Basic  studies  in  aerodynamics  have  now  yielded 
information  on  the  structure  and  characteristics  of  the  atmosphere 
Dext  to  the  ground.  This  knowledge  has  permitted  the  develop- 
ment of  a  technique  for  measuring  evaporation  from  natural  surfaces 
{39).  When  data  on  evaporation  from  the  soil  from  various  regions 
become  available,  it  will  be  possible  for  the  first  time  to  measure  and 
evaluate  accurately  all  three  of  the  fundamental  variables  of  the  hy- 
drologic  cycle — rainfall,  run-off.  and  evaporation. 

Observations  of  precipitation  on  land  areas  and  of  run-off  from  the 
land  have  indicated  clearly  that,  on  an  average,  precipitation  greatly 
exceeds  run-off.  Bruckner  (o  ),  Wust  J-5  .  and  others  have  cal- 
culated that  run-off  amounts  to  approximately  30  percent  of  the  total 
precipitation  falling  on  land.  Although  direct  evaporation  measure- 
ments from  continental  areas  are  not  yet  available,  the  evaporation 
may  be  estimated  by  subtracting  the  run-off  from  the  rainfall.  If 
approximately  30  percent  of  continental  precipitation  runs  off.  70 
percent  must  be  returned  to  the  atmosphere.  These  are  generalized 
estimates,  it  is  true,  and  for  any  one  specific  storm  or  region  may  be 
far  from  the  actual  values:  but  they  serve  to  emphasize  the  great 
significance  of  continental  evaporation  in  the  hydrologic  cycle    37). 

The  realization  that  continental  evaporation  constitutes  such  an 
important  phase  of  the  hydrologic  balance  has  stimulated  much 
speculation  regarding  the  source  of  moisture  for  precipitation,  in  which 
undue  emphasis  has  been  accorded  to  evaporation  as  a  local  source 
of  rainfall.  It  has  been  inferred,  without  adequate  basis,  that  an 
increase  in  atmospheric  moisture  clue  to  evaporation  from  ponds 
and  lakes  or  to  transpiration  from  vegetation  woidd  result  in  an 
increase  in  local  rainfall. 

In  the  United  States  the  belief  that  if  western  farmers  could  be 
induced  to  plant  trees  rainfall  would  be  increased  sufficiently  to 
eliminate  the  climatic  hazards  to  agriculture  '36)  led  to  the  passing 
of  the  Timber  Culture  Act  by  Congress  in  1S73.  During  the  period 
I  x7 5  86,  abundant  rainfall  occurred  in  the  Great  Plains,  and  the  idea 
was  frequently  advanced  that  a  spread  in  cultivation  changed  the 
hydrologic  balance  in  favor  of  increased  rainfall.  It  was  thought 
that  the  soil,  after  it  was  broken,  acted  like  a  huge  sponge,  absorbing 
and  storing  moisture,  so  that  as  cultivation  was  extended,  more  and 
more  of  the  precipitation  would  be  conserved,  and  increased  rainfall 
would  result  from  the  increased  evaporation  (20).  Commercial 
interests  found  it  to  their  advantage  to  publicize  this  hypothesis, 
which  became  a  factor  in  the  great  exploitation  of  dry-land  farms. 

The  myth  that  a  human  agency  was  responsible  for  the  increased 
rainfall  in  the  Plains  was  brusquely  shattered  by  subsequent  periods  of 
drought.     Failure  to  recognize  that  the  atmosphere  is  constantly  in 
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motion  and  that  moisture  may  be  carried  great  distances  by  advancing 
air  masses  was  directly  responsible  for  the  overextension  of  agriculture 
in  the  western  part  of  the  United  States. 

THE  AIR-MASS  AND  WATER  CYCLES 

In  recent  years  meteorologists  have  discovered  that  the  atmospheric 
circulation  over  the  earth  consists  fundamentally  of  alternate  advances 
and  interactions  of  huge  bodies  of  air  that  develop  distinctive  physical 
characteristics  over  various  source  regions.  For  example,  polar  con- 
tinental air  becomes  relatively  cold  and  dry  through  stagnation  over 
the  arctic  tundra  of  northern  Canada.  Tropical  maritime  air  is  warm 
and  moist  because  its  source  region  is  located  over  tropical  waters. 

In  a  recent  publication  of  the  Department  of  Agriculture  (14)  the 
trajectories,  or  paths,  of  various  air  masses  have  been  carefully  traced 
with  the  aid  of  upper-air  soundings  of  temperature,  pressure,  humidity, 
and  wind.  The  increases  and  losses  of  moisture  due  to  evaporation 
and  precipitation  were  ascertained,  and  it  was  shown  that  the  moisture 
for  precipitation  in  the  United  States  was  derived  mainly  from  the 
oceans  and  transported  by  maritime  air  masses.  The  analysis  of  several 
air-mass  migrations  demonstrated  that  the  dry  polar  continental  air 
masses  passed  off  the  continent  with  significant  gains  in  moisture, 
whereas  the  tropical  maritime  air  masses,  whose  moisture  was  derived 
primarily  from  oceanic  regions,  lost  considerable  amounts  of  moisture 
to  the  land  areas  during  their  poleward  migration. 

Using  average  values  of  the  properties  of  polar  continental  and 
tropical  maritime  air  masses,  it  was  found  that  the  total  water  con- 
tent of  polar  continental  air  in  traveling  from  the  Canadian  border  to 
the  Gulf  of  Mexico  was  increased  by  an  amount  equivalent  to  0.53 
inch  of  rainfall;  tropical  maritime  air,  traveling  the  same  distance  in 
the  opposite  direction,  showed  a  net  loss  of  0.66  inch  of  water.  Thus, 
the  continental  air  gained  approximately  20  percent  less  moisture 
than  the  maritime  air  lost.  Considered  as  the  portion  of  continental 
precipitation  returned  to  the  oceans  as  run-off,  this  difference  is  in 
very  close  agreement  with  average  run-off  estimates. 

The  air-mass  cycle  is  manifestly  an  expression  of  the  general  circula- 
tion of  the  atmosphere  and  is  closely  associated  with  the  balance  of 
water  over  continental  areas,  or  the  hydrologic  cycle.  In  the  cycle  of 
air-mass  transformation,  moist  tropical  maritime  air  masses  must  lose 
their  high  water-vapor  content  before  they  can  ultimately  be  con- 
verted into  polar  air  masses,  and  similarly  polar  air  masses  must  gain 
in  moisture  before  they  can  be  transformed  into  tropical  maritime  air 
masses.  Thus  two  principal  classes  of  air  masses  can  be  distinguished — 
(1)  those  that  are  losing  their  moisture  and  consequently  contribute 
the  major  portion  of  preceipitation  to  the  earth  and  (2)  those  that  are 
absorbing  moisture  and  constitute  the  greatest  robbers  of  moisture 
from  continental  areas  (15).z 

The  operation  of  the  hydrologic  cycle  according  to  modern  meteor- 

3  Recently  the  concerted  attack  of  meteorologists  on  the  problem  of  the  general  circulation  of  the  atmosphere 
through  lsentropic  analysis  has  more  than  ever  emphasized  the  fact  that  oceanic  areas  are  the  only  significant 
sources  of  moisture  for  precipitation  on  continents  (30).  Great  masses  of  maritime  air  with  high  moisture 
content  advance  aloft  along  various  thermodynamic  surfaces  and  provide  conditions  favorable  for  rainstorms. 
\\  hen  the  combinations  of  meteorological  variables  are  not  favorable  for  rainfall,  the  air-mass  cycle  con- 
tinues in  operation  with  the  moist  air  masses  losing  their  moisture  to  the  dry  air  masses  by  dissemination 
through  the  phenomenon  of  horizontal  turbulence. 
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ological  interpretation  is  illustrated  in  figure  1.  It  should  be  em- 
phasized that  no  single  diagram  can  show  all  the  various  conditions 
that  could  or  do  occur  in  nature;  thus  only  the  average  or  most  fre- 
quent trajectories  of  water,  in  either  liquid  or  vapor  form,  transported 
between  ocean  and  land  are  illustrated.  The  continental  air  mass  is 
shown  to  be  the  agent  for  transporting  land-evaporated  moisture  out 
to  sea.  where  it  may  or  may  not  be  precipitated.  Ultimately  the  con- 
tinental air  gains  in  moisture  and  is  transformed  into  maritime  air. 
This  air  reenters  the  general  circulation  of  the  atmosphere  and  even- 
tually travels  poleward,  precipitating  its  moisture  over  continents  or 
oceans,  until  finally  the  air-mass  and  water  cycles  are  completed. 

It  is  of  interest  to  consider  some  of  the  apparent  departures  from  the 
generalized  picture  of  the  hydrologic  cycle.  Polar  continental  air 
masses  are  frequently  checked  in  their  advance  southeastward  over 
the  United  States  before  passing  of!  the  continent,  and  the  resulting 
reversal  of  circulation  brings  about  a  return  flow  of  modified  polar 
continental  air.  Occasionally  the  moisture  evaporated  from  the  land 
and  collected  during  the  southerly  migration  of  the  polar  air  may  in 
part  be  reprecipitated  on  the  land  during  a  returning  northerly  flow, 
provided  a  fresh  polar  air  mass  is  encountered.  Since  the  moisture 
content  of  the  returning  current  of  continental  air  is  considerably  less 
than  that  of  the  maritime  air.  the  amount  of  precipitation  whose  source 
may  be  directly  traced  to  evaporation  from  the  land  constitutes  only 
a  fraction  of  that  supplied  by  oceanic  evaporation. 

In  summer  the  average  position  of  the  polar  front  is  displaced  north- 
ward, and  the  Mississippi  Valley  and  the  eastern  part  of  the  United 
States  are  often  inundated  by  tropical  Gulf  air.  This  air-mass  type 
invading  the  United  States  by  way  of  the  Gulf  of  Mexico  in  flowing 
northward  may  absorb  appreciable  quantities  of  continental  moisture. 
Being  characterized  by  a  latent  convective  instability — a  tendency  to 
rise,  carrying  heat  and  moisture  upward — tropical  maritime  air  masses 
frequently  precipitate  moisture  in  local  showers.     Thus,  for  example, 
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moisture  evaporated  from  Louisiana  and  Mississippi  into  a  tropical 
air  mass  may  constitute  a  fraction  of  the  supply  of  moisture  for  a  local 
summer  shower  in  Pennsylvania.  In  the  diagram  of  the  hydrologic 
cycle  this  contintental  source  of  moisture  is  not  shown  because  of  its 
relative  unimportance  as  compared  with  the  available  supply  of 
moisture  in  tropical  maritime  air  bodies.  The  details  of  this  interest- 
ing summertime  operation  of  the  hydrologic  cycle  are  discussed  in  a 
recent  publication  by  Bernard  (3). 

POSSIBILITIES  OF  MANAGEMENT  OF 
HYDROLOGIC  FACTORS 

From  a  study  of  the  water  cycle  we  learn  that  the  meteorological 
forces  involved  in  precipitation  are  of  such  magnitude  that  no  human 
endeavor  can  ever  modify  them  significantly.  Run-off,  on  the  other 
hand,  is  highly  responsive  to  human  management.  Careless  and 
promiscuous  denudation  of  the  land  inevitably  causes  accelerated  soil 
erosion  and  increased  run-off,  with  resultant  flood  hazards.  Careful 
treatment  of  the  land  and  the  use  of  appropriate  water-conservation 
and  flood-control  measures  will  definitely  retard  and  reduce  run-off. 
Retardation  of  run-off  increases  the  supply  of  moisture  for  evaporation. 
Any  technique  which  stimulates  the  evaporation  of  excessive  rainfall 
does  so  at  the  expense  of  run-off.  More  significantly,  any  technique 
which  stimulates  land  evaporation  and  exhausts  the  capillary  moisture 
from  the  soil  helps  to  reduce  run-off  from  future  rains,  since  some  of 
the  water  will  enter  the  soil  rather  than  flow  off  the  surface.  These 
procedures  are  to  be  identified  as  important  supplemental  flood- 
protection  measures.  We  are  limited  in  our  ability  to  modify  the 
hydrologic  balance;  we  must  take  our  rainfall  as  it  comes,  but  we  can 
influence  run-off  and  evaporation. 

SOME  CLIMATIC  FACTORS  THAT 
AFFECT  RUN-OFF 

By  G.  W.  Musgrave  4 

A  consideration  of  the  hydrologic  cycle  indicates  the  factors  that 
determine  the  rate  and  amount  of  run-off  of  surface  water  following 
storms.  For  run-off  to  occur,  rainfall  must  exceed  in  intensity  and 
volume  what  the  soil,  vegetation,  and  land  surface  will  absorb  or 
retain.  Actual  measurements  show  that  the  amount  which  may  be 
retained  on  the  canopy  of  vegetation  varies  widely  hi  accordance  with 
the  vigor  and  density  of  the  vegetal  cover  and  also  with  the  character 
of  the  storm.  It  is  probable  that  agricultural  crops  seldom  intercept 
more  than  0.5  of  an  inch  of  water  (27),  and  usually  much  less  than  this 
is  held  by  the  plant  surfaces  above  the  ground. 

The  amount  of  evaporation  during  a  storm  ordinarily  is  also 
relatively  small.  The  amount  of  water  detained  upon  the  surface  of 
the  ground  in  the  form  of  small,  shallow  pools  is  likewise  small;  it 
seldom  exceeds  0.2  of  an  inch  and  more  commonly  is  less  than  0.1. 

4  O.  W.  Musgrave  is  Principa  1  Soil  Conservationist.  Division  of  Research.  Soil  Conservation  Service. 


Flood  Hazards  and  Fhtod  Control     • 

■ 


Figure  2. — Two  sample?  of  Mereta  clay  loam:  A.  Many  years  under  good  grazing 
practice  have  left  this  soil  well  aggregated  and  porous  and  with  a  high  infiltration  rate: 
B.  dense  structure,  low  porosity,  and  low  infiltration  rate  are  the  results  of  intensive 

agricultural  use. 

On  the  other  hand  the  quantity  of  water  entering  the  soil  may  be 
relatively  large — under  favorable  conditions.  1  or  2  inches  an  hour 
or  more.  Even  under  adverse  conditions  the  total  amount  of  in- 
filtration during  a  long  storm  may  be  appreciable.  Thus  with  infiltra- 
tion at  0.1  of  an  inch  an  hour  during  a  20-hour  period,  2  inches  of  water 
may  enter  the  soil  profile — a  quantity  so  large  as  to  justify  particular 
attention  to  this  phase  of  the  hydrologic  cycle  in  all  plans  for  the 
control  of  run-off. 

-(HL   (  H ARACTERISTICS 

The  amount  and  rate  of  infiltration  are  primarily  dependent  on  1 
the  size  of  pores,  or  openings,  in  the  soil.  2  their  permanency  during 
a  storm,  and  3  the  total  volume  of  space  unoccupied  by  wal 
infiltrated  soil  particles.  The  size  of  the  pores  is  largely  dependent  on 
the  size  of  the  particles  comprising  the  soil  profile  and  their  structure  or 
arrangement.  Other  things  bemg  equal,  a  sandy  loam  soil  will  have 
a  higher  rate  of  infiltration  than  a  silt  loam  because  of  the  larger  size 
of  particles  and  pores.  However,  the  silt  loam  under  favorable 
management  and  good  land  use  may  have  its  particles  arranged  in 
groups,  or  aggregated,  so  that  each  aggregate,  or  group,  behaves  with 
respect  to  water  movement  like  a  large  individual  particle.  High 
rates  of  infiltration  are  then  likely  to  occur;  in  many  cases  higher  rates 
are  found  in  silt  loams  under  such  conditions  than  in  sandy  loams 

A  porous,  well-aggregate*  clay  loam  and  a  Mereta  clay  loam 

of  dense  structure  -     >wn  in  figure  2.  A  and  B.     In  figure  3  are 

shown  the  infiltration  rates  found  in  each  at  a  time  when  both  were 
thoroughly  wet.     Similar  differences  are  frequently  found   bet 
soils  that  have  been  given  good  management  pi  ae  that 

have  been  intensively  cultivate  ss  _  ;.  or  subjected  to 

the  burning  of  surface  vegetation. 

soil   in   which   conditions   initially   favor  high   infiltration   may. 
during  the  course  of  a  storm,  lose  its  favorable  structure  !>• 


538     •      Yearbook  of  Agriculture,  1941 

(1)  "melting"  or  slacking  of  its  aggregates,  (2)  the  partial  clogging 
of  openings  by  fine  particles  deposited  by  downward-moving  water, 
or  (3)  partial  or  complete  filling  of  its  pores  by  water. 

Usually  soils  that  have  not  been  intensively  cultivated  tend  not 
only  to  have  higher  infiltration  rates  at  the  beginning  of  a  storm 
period  but  also  to  maintain  higher  rates  throughout  the  storm  than 
do  soils  whose  organic  matter  has  been  exhausted  and  whose  structure 
has  been  modified  by  intensive  tillage.  Lowdermilk  (28)  showed  in 
1930  that  turbid  or  muddy  water  applied  to  soil  caused  the  rate  of 
infiltration  to  drop  to  low  levels.  Run-off  water  from  grassland  or 
well-forested  areas  commonly  is  comparatively  clear,  while  that  from 
intensively  cultivated  areas  is  ordinarily  highly  turbid.  In  the 
grassland  or  forested  areas  the  favorable  aggregated  structure  of  the 
soil  is  more  stable  and  less  apt  to  disintegrate  during  the  course 
of  a  storm. 

SOIL  MOISTURE 

In  wet  soils  the  infiltration  of  water  ordinarily  is  less  than  in  dry 
ones,  although  this  is  not  invariably  true.  Soils  high  in  clay  and 
colloids  swell  when  wet,  and  the  pores  become  smaller,  so  that  when 
such  a  soil  as  the  Houston  black  clay,  for  example,  is  thoroughly 
moist,  infiltration  is  practically  zero,  although  it  may  be  very  high 
in  the  same  soil  when  dry  (10).  Soils  with  impermeable  subsoils  of 
course  have  their  infiltration  rates  reduced  as  the  space  above  becomes 
filled  with  water.  On  the  other  hand,  soils  with  little  clay  may  have 
at  least  as  high  an  infiltration  rate  when  wet  as  when  dry,  if  not  a 
higher  one.  This  is  particularly  true  when  subdrainage  is  good  or 
the  soil  is  permeable  to  a  considerable  depth.     For  soils  in  general, 
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Figure  3. — A,  A  rate  of  infiltration  of  over  1  inch  an  hour  was  found  on  Mereta  clay 

loam  having  a  good  grass  cover  (fig.  1,  A);  B,  the  infiltration  rate  was  less  than  0.25  of 

an  inch  an  hour  on  similar  soil  having  poor  cover  (fig.  1,  B). 
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therefore,  infiltration  has  not  been  found  xo  be  proportional  to  in- 
creases or  reductions  in  soil  moisture. 

Both  the  levels  of  soil  moisture  and  temperature  have  been  found 
to  be  associated  with  the  rate  of  infiltration.  In  field  determinations 
soil  moisture  was  found  to  be  generally  low  when  temperatures  of  air 
and  soil  were  high.  Under  these  conditions  infiltration  rates  were 
higher  than  when  the  same  soil  with  the  same  cover  (grass)  was 
moist  and  the  temperature  lower.  These  relationships  were  found 
to  prevail  in  general  throughout  a  2-year  period  during  which  succes- 
sive measurements  on  the  same  site  were  made.5  To  what  extent  the 
results  are  due  to  temperature  and  to  what  extent  to  soil  moisture 
has  not  thus  far  been  definitely  determined. 

tp:mperature 

Temperature  is  known  to  affect  the  viscosity  of  water — that  is.  the 
resistance  of  the  internal  particles  to  motion — so  that  at  low  tempera- 
tures it  flows  somewhat  more  slowly  than  at  high  temperatures.  It 
is  to  be  expected  that  less  water  will  enter  a  soil  when  it  is  cold  than 
when  it  is  warm:  for  example,  the  percentage  of  precipitation  lost  as 
run-off  is  greater  in  the  winter  and  late  fall  than  during  the  spring 
and  summer.  Figure  4  shows  the  average  percentage  of  run -off 
during  an  8-year  period  at  the  Bethany.  Mo..  Soil  Conservation 
Experiment  Station.6 

'  Bobst,  H.  L.,  and  Mt/sgrave.  G.  W.    seasonal  variations  in  lntiltbation.    (Unpublished.) 
•  Smith,  I).  D.    Unpublished  data,  Bethany,  Mo.,  Soil  Conservation  Experiment  Station. 
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Figure  4. — Precipitation  and  run -off  dnrin<:  an  d-year  peri**!  '  1931—38;.  by  seasons, 
Soil  Conservation  Experiment  Station,  follumy,  Mo. 
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The  effect  of  temperature  on  run-off  is  also  illustrated  by  individual 
storms.  In  figure  5  is  shown  the  run-off  at  the  Clarinda,  Iowa,  Soil 
Conservation  Experiment  Station,7  from  plots  given  different  treat- 
ment, each  in  triplicate,  from  two  storms  of  approximately  equal 
amount  and  intensity  of  precipitation,  one  of  which  occurred  at  a 
relatively  low  temperature.  In  the  July  storm,  0.83  inch  of  rain  fell 
in  12  hours,  maximum  intensity  0.70  inch  an  hour,  temperatures 
68°-92°  F.  In  December  1936,  rainfall  was  0.81  inch,  maximum 
intensity  0.60  inch  an  hour,  temperatures  21°-53°.  Considerably 
more  run-off  occurred  in  each  case  when  the  temperature  was  low, 
despite  the  fact  that  much  more  rain  had  fallen  during  the  10  days 
before  the  summer  storm  than  before  the  winter  one  (0.62  inch  in 
July  and  0.24  inch  in  December). 

When  temperatures  are  low  enough  to  thoroughly  freeze  a  very 
wet  soil,  it  is  probable  that  little  if  any  infiltration  occurs.  On  the 
other  hand,  it  is  possible  that  a  frozen  soil  with  a  low  moisture  content 
may  have  a  high  infiltration  rate,  owing  to  the  formation  of  frozen 
aggregates  and  the  flocculation  (aggregation)  of  colloids.  In  the 
Midwest  particularly,  soils  are  frequently  known  to  enter  the  winter 
period  with  a  low  moisture  content,  then  to  freeze  and  fluff  up  to  a 
highly  porous  condition,  and  thus  be  able  to  absorb  water  from 
melting  snow,  leaving  little  if  any  to  run  off. 

SNOW  DEPTH  AND  FROST  DEPTH 


Snow  cover  as  well  as  vegetal  cover  affects  the  depth  of  frost 
penetration.     From  the  Soil  Conservation  Experiment  Station  at  La 

7  Neal,  O.  R.    Unpublished  data,  Clarinda,  Iowa,  Soil  Conservation  Experiment  Station. 
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Figure  5.— Effect  of  temperature  on  run-off.     A,  A  storm  on  July  9,  1935,  produced 

much  less  run-off  under  four  different  conditions  of  land  use  than  B,  a  similar  storm 

on  December  30,  1936,  during  which  the  temperatures  were  much  lower. 
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Crosse,  Wis..  Atkinson  and  Bay  (1)  have  reported  measurements  of 
snow  depth  and  depth  of  frost  penetration  for  different  conditions  and 
kinds  of  land  use.  A  typical  result  of  their  findings  is  given  in  figure  6, 
which  shows  a  greater  depth  of  snow  on  plots  having  alfalfa  or  bluegrass 
than  on  adjoining  plowed  land.  For  the  same  period  it  was  found  that 
frost  penetrated  to  a  greater  depth  in  the  plowed  land  than  in  that 
growing  alfalfa  or  bluegrass.  In  the  spring,  however,  surface  thawing 
occurred  to  a  greater  depth  in  a  given  time  on  the  plowed  land  than 
under  alfalfa  or  bluegrass,  although  under  all  these  conditions  the 
thawing  began  soon  after  the  disappearance  of  snow. 

It  is  to  be  expected  that  the  run-off  from  soil  that  is  frozen  deeply 
will  be  greater  than  that  from  soil  frozen  only  slightly.  As  an  exam- 
ple, figure  7  shows  the  results  for  January,  February,  and  March  at 
the  La  Crosse  station  for  an  area  in  com  and  one  in  bluegrass.  Dur- 
ing most  of  this  period  the  ground  under  the  corn  was  frozen  to  a 
much  greater  depth  than  that  under  the  bluegrass  and  the  run-off 
rate  was  much  higher  from  the  deeply  frozen  corn  stubble.  But  when 
the  frost  left  this  ground  in  the  spring,  storms  as  great  as  or  greater 
than  those  which  had  occurred  while  the  ground  was  frozen  produced 
no  run-off. 

At  Ithaca,  N.  Y.,  run-off  from  melting  snow  was  high  when  the 
ground  was  frozen,  whether  the  land  had  a  dense  cover  of  grass  and 
clover  or  was  bare,  having  been  planted  to  potatoes  the  previous 
year.  There  was  a  marked  difference  in  the  amount  of  erosion,  how- 
ever, the  land  in  grass  having  no  erosion,  whereas  that  which  had 
been  in  potatoes  had  severe  erosion  (table  1).  In  another  series  of 
comparisons,  where  the  soil  was  not  frozen,  the  amount  of  run-off 
from  melting  snow  was  slight,  although  the  land  had  a  steeper  slope 
and  the  snow  was  deeper. 


Figure  6. — Comparatiw  snow  depths  ami  fowl  depths  foe  lam]  put  to  difteienl   seea, 

November  19,   1957,  to  Man  h  25,   1938. 
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Figure  7. — Comparative  frost  depth,  rainfall,  and  run-off  from  land  with  a  16-percent 
slope  under  close  and  under  sparse  vegetal  cover,  during  Januarv,  February,  and 
March   at   the   La    Crosse,   Wis..   Soil    Conservation   Experiment    Station:    A,    Corn 

annually:  B.  bluegrass. 

That  the  percentage  of  rainfall  lost  as  run-off  is  generally  greater 
in  northern  than  in  southern  climates  is  seen  from  the  data  in  table 
2.  which  gives  the  run-off  losses  under  both  clean-tilled  crops  such  as 
com  and  cotton  and  dense  cover  such  as  grass  and  hay.  Under 
either  class  of  crop  more  run-off  has  usually  occurred  at  the  northern 
than  at  the  southern  locations.  The  complexities  of  climate  causing 
these  differences  include,  for  the  North:  (1)  A  shorter  period  during 
which  the  ground  is  covered  by  vegetation,  (2)  a  longer  period  during 

Table  1. — Influence  of  snow  and  vegetative  cover  on  water  and  soil  loss,  for  the  flood 
period  Mar.  10-19,  1936,  on  Bath  flaggy  silt  loam.  Soil  Conservation  Experiment 
Station,  Ithaca.  X.  Y. 

[Average  precipitation  6.57  inches] 


Vegetative  cover 


Average 
slope 


Soil  frozen: 

None  (potatoes  1935) 
Grass  and  clover 

Soil  not  frozen: 

None  (fallow) 

Grass  and  clover 

Woodland 


Snow  depth 


Mar.  9       Mar. 


Percent 

Inches 

13 

13 

13 

13 

20 

60 

20 

60 

27 

19 

Inches 


Run-off 


Soil  loss 
per  3cre 


Pounds 
1,023 
0 

0 
0 
0 
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which  the  ground  is  frozen,  (3)  lower  temperatures  of  both  water  and 
soil,  particularly  during  the  fall,  winter,  and  spring,  and  (4)  other 
factors,  such  as  less  biological  activity  in  the  soil. 

Table  2. — Surface  run-off  from  northern  and  southern  locations,  under  clean-tilled 
and  dense  cover  crops,  at  specified  Soil  Conservation  Experiment  Stations 


Location  and  period  of 
measurement 


Aver- 
age 
annual 
rainfall 

for 
period 


Water  loss  as 
percentage  of 
annual  precip- 
itation under — 


Clean- 
tilled 
crops 


Northern  locations  (less 
than    180   days    be- 
tween killing  frostsj : 
Beemerville,  X.  J.. 

1937-391 

Ithaca,  N.  Y.,  1936-38. 
Zanesville,    Ohio, 

1934-38 

La  Crosse,  Wis.,  1933-38 
La  Crosse,  Wis.,  1934-3 
Pullman,  Wash.,  1932- 

38 

Hays,  Kans.,  1930-38- 
Clarinda,  Iowa,  1933-38 
Bethanv,  Mo..  1931-38 


Inches    Percent 


48.12 
42.03 

33.70 
34.51 

20.41 
19.58 
26.04 
30.85 


13.  8 


41.9 

28.  7 
22.1 

22.5 
16.8 
13.5 
27.9 


Dense 
cover 


Percent 


5.8 
5.5 

5.9 
11.2 
9.4 


2  I 

&  1 

1.0 


Location  and  period  of 
measurement 


Aver- 
age 

.innu  ■■.'. 
:. 

for 
period 


Water  loss  as 
percentage  of 
annual  precip- 
itation under — 


Clean- 
tilled 
crops 


Dense 
cover 


Southern  locations  (more 
than  180  days  be- 
tween killing  frosts): 

Statesville.    N 
1932-3S 

Guthrie.  Okla..  1930-38. 

Temple,  Tex..  1931-38-. 

Temple,  Tex.,  1933-38.. 

Tyler,  Tex..  193- 

Tvler,  Tex.,  1933-38 

Spur,  Tex.,  1926-37 20.73 


Inches 

Percent 

48.20 

12.1 

30.63 

12.5 

31.59 

12.4 

32.  72 

11.4 

40.41 

40.54 

15.5 

20.73 

15.5 

Percent 


0.2 
1.0 
.0 


.2 

.4 

4.3 


September  1937  to  September  1939. 


THE  CHARACTERISTICS  OF  THE  STORM 

The  characteristics  of  each  individual  storm  also  determine  the 
amount  of  surface  run-off  to  a  considerable  extent.  Clearly  there 
is  some  combination  of  intensity  and  amount  of  rain  which  produces 
the  maximum  run-off.  The  size  of  the  raindrops,  the  distance  they 
fall,  and  the  force  of  their  impact  upon  the  ground  affect  the  amount 
of  erosion  and  run-off.  The  form  of  the  precipitation — rain,  snow, 
hail — greatly  influences  the  amount  and  rate  of  run-off. 

A  number  of  attempts  have  been  made  to  determine  the  general 
characteristics  of  storms  and  their  effects  on  erosion.  Hays 
Wisconsin  has  found  that  by  giving  certain  weights  to  the  maximum 
intensity  during  a  30-minute  period,  the  total  amount  of  rainfall. 
and  the  maximum  intensity  for  a  5-minute  period,  a  factor  may  be 
developed  which  will  permit  an  approximate  classification  of  storms 
according  to  the  degree  of  erosion  they  produce.  Presumably,  a 
somewhat  similar  alinement  could  be  established  in  relation  to  run-off. 
Any  evidence  indicating  the  effect  of  storm  characteristics  on  run-off. 
even  though  meager,  is  useful  in  many  ways,  particularly  in  designing 
protective  measures  that  will  have  maximum  effectiveness  during 
periods  when  the  most  damaging  storms  are  expected. 

Much  less  is  known  about  run-off  that  results  from  Hood-producing 
storms  than  about  that  from  ordinary  storms,  one  reason  being  that 
the  former  occur  less  frequently  and  therefore  provide  lese  opportunity 
for  study.     Ordinarily,  flood-producing  storms  are  of  long  duration. 

»  Hats,  O.  E.     Unpublished  report  from  the  La  Crosse,  Wis.,  Soil  Conservation  Experiment  Station. 
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high  intensity,  or  both,  and  occur  at  times  of  the  year  when  tempera- 
tures are  low,  the  ground  is  frozen  or  covered  by  snow,  and  protective 
conditions  in  general  are  at  a  minimum  of  effectiveness.  Existing 
evidence  indicates,  however,  that  run-off  is  retarded  by  the  same 
factors  under  these  conditions  as  in  the  case  of  ordinary  storms. 
Thus,  at  Zanesville,  Ohio,  in  January  1937. 9  at  the  time  of  the  Ohio 
River  flood,  over  10  inches  of  rain  fell,  about  95  percent  of  which  was 
lost  as  run-off  from  land  in  corn  stubble  and  only  about  25  percent 
from  land  in  good  bluegrass  (table  3). 

Table  3. — Comparative  run-off  from   plots  in  corn  and  in   bluegrass  during  flood- 
producing  storm  periods,  Zanesville,  Ohio,  January  1937 


Period  (1937> 

Rainfall 
(cumula- 
tive) 

Run-off  (cumula- 
tive) under— 

Period  (1937) 

Rainfall 

(cumula- 
tive) 

Run-off  (cumula- 
tive) under— 

Corn       Bluegrass 

Corn 

Bluegrass 

Jan.  2 

Inches 
0.29 
.64 
1.50 
3.52 
4.48 
7.24 

Inches 
0.07 
.14 
.58 
2.59 
3.  71 
6.65 

Inches 
0.00 
.01 
.03 
.65 
.87 
1.70 

Jan. 22-23 

Inches 
8.08 
9.98 
10.29 

Inches 
7.11 
9.67 
9.74 

Percent 
94.65 

Inches 
1.70 

24-25 

2.57 

9-10 

13-15 

17-18 

20-22 

31 

Rainfall     lost     as 
run-off_     

2.57 

Percent 
24.96 

The  results  shown  in  table  3  occurred  on  plots  6  by  72  feet  on  typical 
Muskingum  silt  loam.  This  soil  does  not  swell  as  much  when  wet  as 
do  many  soils,  and  also  it  has  reasonably  good  subsurface  drainage. 
Probably  the  water  from  successive  rains  during  this  period  forced 
entrance  into  the  wet  soil  by  displacing  a  corresponding  volume  of 
water  which  moved  downward  through  more  or  less  porous  substrata. 
Thus  it  is  not  possible  to  determine  from  the  records  exactly  how 
much  run-off  there  would  have  been  on  a  large  watershed  where  seep- 
age of  ground  water  would  be  included  in  the  run-off.  It  is  clear, 
however,  that  on  such  small  upland  areas  having  dense  vegetal  cover 
the  run-off  even  from  flood-producing  storms  may  be  less  than  that 
from  land  having  a  sparse  vegetal  cover.  It  is  also  probable  that  even 
on  a  large  watershed  any  subsurface  water  which  does  escape  to  the 
streams  is  likely  to  reach  them  some  time  after  surface  water  does. 
Under  these  conditions,  flood  crests  may  be  spread  out  over  longer 
periods  of  time. 

VEGETAL  COVER 

Many  similar  examples  show  that  even  under  severe  storms  the 
amount  of  run-off  is  greatly  affected  by  the  type  of  vegetal  cover. 
Table  4,  from  the  records  of  the  La  Crosse.  Wis.,  station,™  gives  rain- 
fall and  run-off  data  for  the  storm  of  July  5,  1934,  the  most  severe  since 
the  installation  of  recording  gages  by  the  Weather  Bureau  at  La  Crosse 
in  1905,  and  for  four  storms  in  1935  that  together  caused  60  percent  of 
the  total  water  loss  for  the  year. 

•  Borst.  H.  L.     Unpuhlished  data,  Zanesville,  Ohio,  Soil  Conservation  Experiment  Station. 

10  Hats.  O.  E.,  and  Palmer,  V.  J.    soil  and  water  conservation  investigations:    progress  refort. 

VPPER  MISSISSIPPI  VALLLY  SOIL    AND    WATER    CONSERVATION    EXPERIMENT   STATION.    LA   CROSSE,    WIS.      Soil 

Conserv.  Serv.     ESR-1,  [82]  pp.,  illus.     1937.     [Mimeosrraphed.l 
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Tabui  4. — Rainfall  and  run-off  in  storms  of  '-  tU§  at  the  La  Crosse.  Wis., 

■Soil  Conservation  Experiment  Station,  1934  and  193-5 


Rain  Ml 

Run-off  under 

Date  of  storm 

MarLmum  intensity  in 
period  of— 

Total 

Corn 

Clover 

I 

Blue- 

10  min- 

30  min- 
utes 

Mi 

Inches 

-     . 

3.01 

Inches 

-  B 

-  1 

Inches 

- 

It 

-     - 

Inches 

1  01 
1.96 
- 
1.06 

Percent   ' 
.54.08 

-■  a 

*0.  03 

Percent   \ 
13.  69 

-■    . 

24.96 

Percent 
3.79 

.00 



.00 

.00 



.00 

-: ted  frequency,  once  in  more  than  100  years. 

Although  the  reduction  in  the  amount  of  run-off  under  dense  vegetal 
cover  is  not  so  great  for  these  high-intensity  storms  as  it  is  for  the 
average  storm,  presumably  the  causal  factors  are  much  the  same  in 
both  storm  types,  the  difference  being  merely  one  of  magnitude.  In 
both  instances  favorable  soil  structure,  fairly  high  temperatures,  and 
the  protecting  influences  of  a  dense  vegetal  canopy  tended  to  reduce 
run-off.  whereas  a  dense  soil  structure  (often  the  result  of  misuse  of 
saturated,  cold,  or  frozen  soils,  or  the  absence  of  a  good  vegetal 
cover  tended  greatly  to  increase  run-off. 

EVAPORATION  AND  TRANSPIRATION 

By  C.  W.  Thornthwaite  and  Benjamin  Holzmax  u 

Among  the  various  climatic  factors  of  hydrologic  and  agricultural 
significance  the  return  of  moisture  to  the  atmosphere  from  natural 
land  surfaces  has  resisted  measurement  most  strongly  and  is  con- 
sequently least  well  understood.  In  precipitation  and  run -off  the 
water  is  eventually  in  the  liquid  state  and  can  be  measured  by  means 
lightforward  sampling  techniques,  but  upon  evaporating  water 
becomes  an  invisible  gas  which  mixes  with  the  other  gases  of  the 
atmosphere  and  is  disseminated  through  it.  Continental  evaporation 
includes  evaporation  from  the  soil  or  ground  surface,  evaporation  from 
ponds,  lakes,  streams,  reservoirs,  and  other  water  bodies,  evaporation 
of  moisture  intercepted  by  vegetation  during  rains,  and  the  transpira- 
tion of  moist  me  by  vegetation. 

For  the  farmer,  the  soil  is  a  reservoir  to  which  water  is  contributed 
by  precipitation  and  from  which  it  is  withdrawn  by  evaporation  and 
transpiration  from  the  growing  crops.  During  a  prolonged  period 
without  rain  the  soil  moisture  may  be  drawn  upon  until  tin-  wilting 
point  is  approached  and  plant  development  and  crop  yield-  are 
adversely  affected.  A  storm  may  partially  or  completely  replace  the 
moisture  that  has  been  lost,  but  during  the  period  between  storms 
evaporation  and  transpiration  will  a^ain  deplete  the  moisture  supply. 
In  determining:  the  drought  hazard,  the  measurement  of  the  vary  ins: 
rates  of  evaporation  and  transpiration     a     a     »        al  as  information 

'.  W.  Tbornth-*  md  Benjamin  Holzmar  nL>ervationist,  Climatic  and 

-;on.  Office  of  Rese.:  rvice. 
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concerning  the  amount  and  distribution  of  rainfall,  because  they  de- 
termine the  rate  at  which  the  water  supply  is  consumed. 

NEED  FOR  METHODS  OF  MEASURING  EVAP- 
ORATION AND  TRANSPIRATION 

Whereas  agriculturists  are  concerned  chiefly  with  the  portion  of  the 
precipitation  that  enters  the  ground  and  is  available  to  plants, 
hydrologists  are  concerned  primarily  with  the  portion  that  runs  off. 
Run-off  varies  greatly  even  on  small  watersheds,  largely  owing  to  the 
variations  in  field  moisture  caused  by  evaporation  and  transpiration 
between  rains.  When  the  soil  is  dry,  little  run-off  occurs  except  in 
very  intense  or  prolonged  rains,  because  the  greater  part  of  the  rainfall 
is  used  up  in  replenishing  the  soil  moisture.  Only  after  the  soil 
becomes  saturated  will  water  flow  off  the  land  as  run-off.  Thus,  in 
predicting  the  amount  of  moisture  available  for  run-off  in  terms  of  the 
observed  rainfall,  an  accurate  measure  of  the  rate  at  which  the  soil 
dries  out  is  highly  desirable. 

Scientists  have  long  recognized  the  serious  need  for  a  method  of 
measuring  water  losses  by  evaporation  from  land  surfaces  as  well  as 
from  free  water  surfaces.  In  the  past  significant  progress  has  been 
made  only  in  the  case  of  the  latter.  Over  bodies  of  free  water,  a 
continuous  supply  of  moisture  is  available  for  evaporation,  and  the 
actual  losses  are  dependent  directly  upon  climatic  and  meteorologic 
factors.  Thus  it  has  been  possible  to  develop  empirical  formulas  which 
permit  engineers  to  compute  with  reasonable  accuracy  anticipated 
water  losses  from  lakes  or  reservoirs  in  terms  of  meteorologic  data 
alone.  Expected  losses  may  be  estimated  approximately  from 
observed  losses  of  water  from  standard  evaporation  pans  or 
atmometers  (8,  29,  43). 

The  rate  of  emission  of  water  vapor  from  a  natural  land  surface 
cannot  be  determined  by  such  methods.  When  the  surface  soil  is 
moist,  evaporation  may  be  more  rapid  than  it  is  from  a  free  water 
surface,  because  the  soil  with  its  minute  irregularities  presents  a  larger 
evaporating  surface.  When,  however,  the  surface  soil  has  become 
wholly  or  partly  dry,  evaporation  losses  are  greatly  diminished  even 
though  the  subsoil  remains  moist.  Replacement  of  surface  water 
from  below  by  capillary  action  is  extremely  slow,  and  the  soil  moisture 
can  escape  to  the  outer  air  only  as  vapor  by  diffusion  through  the 
soil  air.  Furthermore,  as  the  growing  season  advances  the  ground 
surface  becomes  shielded  by  foliage,  which  causes  a  progressive  dim- 
inution in  the  direct  evaporation  from  the  soil  even  though  water 
losses  through  transpiration  by  plants  increase. 

The  physical  process  of  transpiration  is  not  vet  completely  under- 
stood {22),  but  it  is  recognized  that  the  amount  of  water  lost  from  an 
area  thereby  depends  upon  the  density  and  character  of  the  vegetation 
as  well  as  upon  atmospheric  conditions.  Transpiration  increases  with 
plant  development  until  maturity  is  reached,  owing  largely  to  the 
increase  in  the  area  of  the  transpiring  surface  and  in  the  number  of 
its  stomatal  openings.  With  maturity  plant  activity  subsides  and 
transpiration  rapidly  diminishes.  The  total  removal  of  water  from  a 
field  by  transpiration  depends  upon  the  water  requirements  of  the 
particular  plants  and  upon  their  growth,  which  in  turn  may  be  limited 
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by  the  amount  of  water  available.  Consequently  evaporation  from 
pans  or  atmometers  cannot  supply  even  a  relative  measure  of  water 
loss  from  natural  land  surfaces. 

Some  information  on  the  amount  of  transpiration  from  various 
species  of  plants  has  been  obtained  through  the  use  of  pots,  tanks, 
and  lysimeters  containing  soil  and  growing  plants  which  can  be 
weighed  continuously  or  at  periodic  intervals.  Because  of  the  neces- 
sarily limited  surface  area  and  interference  by  walls,  which  confine 
the  plant  roots  and  restrict  the  normal  movement  of  water  in  the  soil, 
this  method  creates  highly  artificial  conditions  and  can  yield  results 
only  roughly  indicative  of  the  magnitude  of  evaporation  and  transpi- 
ration from  natural  surfaces. 

The  lack  of  a  direct  measure  of  evaporation  losses  from  natural 
surfaces  led  to  the  development  of  the  many  empirical  formulas  for 
expressing  the  effectiveness  of  precipitation.  Transeau  (40),  one  of  the 
earliest  to  be  concerned  with  the  problem,  used  the  quotient  of  total 
measured  rainfall  divided  by  computed  free-water  evaporation  as  a 
moisture  index.  Lang's  "rain  factor"  (21),  de  Martonne's  "index  of 
aridity"  (25),  Meyer's  "N-S  quotient"  (26),12  and  the  "hygrometric 
quotient"  of  Szymkiewicz  (34)  represent  other  attempts  to  determine 
effective  precipitation.  The  climatic  classifications  of  Koppen  (19) 
and  Thornthwaite  (35)  both  employ  means  for  determining  effective 
precipitation.  However,  no  empirical  formula  can  take  the  place  of 
actual  measurements  of  evaporation. 

Where  accurate  measurements  of  precipitation  and  run-off  are 
available,  integrated  values  of  the  losses  by  transpiration  and  evapora- 
tion can  be  obtained  by  simple  subtraction.  Such  values  provide 
general  information  on  the  average  effectiveness  of  precipitation  over 
long  periods  of  time;  they  also  serve  for  comparing  water  losses  be- 
tween regions  of  different  vegetal  cover.  Kittredge  (18)  has  recently 
made  use  of  available  average  annual  rainfall  and  run-off  data  and 
has  prepared  a  map  showing  the  distribution  of  the  average  annual 
water  losses  to  the  atmosphere  in  the  United  States.  Accurate  de- 
termination of  evaporation  losses  for  short  periods  of  time  such  as  a 
year  or  less  is  not  possible,  because  of  the  lag  in  both  run-off  and 
evaporation. 

A  NEW  TECHNIQUE  FOR  MEASURING 
MOISTURE  LOSSES 

Fortunately  the  rapid  development  of  aviation  during  the  last  two 
decades  made  it  necessary  to  investigate  the  nature  of  the  lower  layers 
of  the  atmosphere.  Notable  advances  in  our  understanding  of  the 
mechanics  of  moisture  and  heat  transfer  through  these  layers  have 
been  the  result.  This  knowledge  has  made  possible  the  development  of 
a  technique  for  direct  measurement  of  evaporation  and  transpiration 
from  natural  surfaces  (39) . 

There  is  a  zone  in  the  atmosphere  near  the  earth's  surface  in  which 
ground  friction  retards  horizontal  movement  in  the  lower  part  of  the 
air  column  and  results  in  overturning  and  vertical  interchange,  or  mix- 
ing, of  air  in  the  column.    This  is  the  zone  of  turbulent  mixing,  or  the 

11  Meyer's  N-S  (Niederschlag-Sattegungsdefizit)  quotient  is  obtained  by  dividing  precipitation  by 
saturation  deficit. 
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turbulent  layer.  Within  it,  the  mixing  process  tends  to  distribute  the 
moisture  evenly  and  thus  to  eliminate  differences  in  moisture  concen- 
tration. So  long  as  there  is  no  addition  of  moisture  to  or  withdrawal 
from  the  layer,  its  moisture  content  will  be  uniformly  distributed. 
On  the  other  hand,  if  water  vapor  is  emitted  from  an  evaporating  sur- 
face and  is  transported  upward  into  the  turbulent  layer,  the  moisture 
concentration  will  be  highest  at  the  base  and  will  diminish  with  in- 
creased elevation.  In  this  way  a  moisture  gradient  is  established. 
Such  a  gradient  owes  its  existence  to  the  continued  addition  of  mois- 
ture from  below;  when  evaporation  ceases,  the  moisture  will  soon  be 
distributed  uniformly  throughout  the  turbulent  layer,  and  the  gradient 
will  be  destroyed.  In  the  same  way,  abstraction  of  moisture  from  the 
base  of  the  layer  by  condensation — -as  when  dew  "falls" — -will  create 
a  gradient  with  minimum  moisture  concentration  at  the  base,  which 
can  be  maintained  only  as  long  as  the  removal  of  moisture  continues. 

Instruments  for  measuring  the  moisture  content  of  the  air  are 
available,  and  when  it  is  measured  at  two  levels  the  moisture  gradient 
can  be  determined.  In  order  to  determine  the  rate  at  which  moisture 
is  being  evaporated  into  or  condensed  from  the  air,  it  is  necessary  to 
determine  only  the  intensity  of  turbulent  mixing  in  addition  to  the 
moisture  gradient.  This  can  be  obtained  simply  by  measuring  wind 
velocity  at  two  levels. 

The  procedure  provides  a  measure  not  only  of  evaporation  and 
transpiration  but  also  of  condensation  and  absorption,  which  in  many 
parts  of  the  world  are  important  sources  of  moisture  for  plant  growth. 
The  importance  of  condensation  directly  into  the  soil  is  particularly 
great  in  summer  on  black  soils,  which  have  high  rates  of  cooling  owing 
to  nocturnal  radiation.  When  moisture  concentration  is  high  and 
radiation  at  a  maximum,  as  much  as  0.05  of  an  inch  of  water  may  be 
added  to  the  soil  by  condensation  during  a  single  night.  The  amount 
of  moisture  absorbed  directly  from  the  air  by  certain  types  of  vegeta- 
tion under  favorable  conditions  is  not  insignificant. 

Results  of  Experimental  Measurements 

At  present  the  technique  for  measuring  evaporation  is  being  used 
only  on  an  experimental  basis  at  a  few  stations,  but  sufficiently  good 
results  have  been  obtained  to  warrant  the  hope  that  it  may  find  wide- 
spread use  in  the  future.  One  station,  situated  on  the  experimental 
farm  at  Arlington,  Va.,  has  been  in  continuous  operation  for  more 
than  a  year.  The  moisture  content  of  the  air  is  determined  at  two 
levels  within  25  feet  of  the  ground  by  means  of  hygro thermographs 
and  the  rate  of  turbulent  transport  by  the  use  of  anemometers  at  the 
same  levels.13  The  instruments  are  installed  over  a  meadow  of  peren- 
nial grasses  which  is  mowed  at  various  times  during  the  summer. 

The  observations  of  precipitation,  evaporation,  and  condensation 
at  Arlington  for  1939  are  summarized  by  months  in  table  5.  The 
data  for  February  and  September  are  missing  because  of  the  interrup- 
tion of  the  observations  by  instrumental  failure  and  the  installation 
of  new  equipment.  During  the  10  months  the  total  contribution  of 
moisture  to  the  ground  by  precipitation  was  26.34  inches  and  by  con- 

13  For  the  first  few  months  the  observations  were  made  2  and  28  feet  above  the  ground.  Later  it  was 
recognized  that  the  upper  instruments  need  not  be  so  high,  so  thev  were  lowered  to  24.5  feet.  The  lower 
observations  were  continued  at  2  feet. 
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densation,  1.77  inches.     The  total  loss  by  evaporation  and  transpira- 
tion was  11.88  inches.     By  subtraction,  a  value  of  16.23  ine 
obtained  for  run-off  and  increase  in  ground  storage. 


Table  5. — Exchange  of  moisture  between  the  ground  and  the  atmorpnere. 
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The  losses  to  the  atmosphere  were  at  a  minimum  in  the  winter, 
when  evaporation  was  suppressed  by  low  ground  temperatures  and 
there  was  almost  no  transpiration.  Losses  were  greatest  in  June  be- 
cause the  vegetation  had  nearly  reached  maturity,  growth  wa- 
active,  and  transpiration  was  at  its  height :  they  were  reduced  in  July 
and  August  by  mowing. 

Precipitation  was  very  scanty  in  May.  and  the  soil  moisture  was 
reduced  nearly  1.5  inches  by  evaporation  and  transpiration.  How- 
ever, much  of  this  soil-moist ure  loss  was  restored  by  a  rain  of  1.17 
inches  on  June  8.  and  on  June  13  there  was  a  rain  of  1.88  inches,  of 
which  1.51  inches  fell  in  a  single  hour. 

Relation  to  Flood  Hazard 

-  to  the  atmosphere  were  five  times  as  great  in  June 
as  in  January.  In  this  region,  however,  precipitation  is  nearly  as 
great  in  winter  as  in  summer,  and  in  addition  that  of  the  winter  may 
be  stored  on  the  ground  in  the  form  of  snow.  Thus  the  chances  for 
general  floods  to  occur  in  the  colder  seasons  are  greatly  enhanced. 
Actually,  the  flood  hazard  is  greatest  in  early  spring,  when  evapora- 
tion losses  are  still  quite  small  and  warm  rains  combined  with  the 
melting  of  accumulated  winter  snow  are  most  likely  to  overtax 
drainage  channels. 

In  central  and  eastern  United  States  nearly  all  major  flood-produc- 
ing storms  are  terminated  by  the  invasion  of  re.  :ry  air  masses 
of  polar  continental  origin  characterized  by  a  thick  turbulent  layer 
and  low  concentrations  of  water  vapor.  These  air  masses  provide 
conditions  most  favorable  to  evaporation  and  are  able  to  absorb 
enormous  quantities  of  moisture  from  the  rain-drenched  land.  Since 
floods  on  large  watersheds  are  most  frequently  due  to  general  storms 
which  must  first  restore  to  the  soil  reservoir  water  which  ha<: 
viously  been  lost  by  evaporation  and  transpiration,  it  is  evident  that 
land  use  practices  favoring  evaporation  will  accordingly  lessen  the 
burden  imposed  on  stream  channels  by  excessive  rains,  both  by 
retarding  imn.  m-off  and  by  creating  a  I  rage  capacity 
in  the  soil. 
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The  losses  of  moisture  from  a  field  in  Arlington  into  continental 
and  maritime  air  masses  during  June  and  July  1939  are  shown  in 
table  6.  Although  the  maritime  air  was  considerably  warmer  than 
the  continental  air,  its  daily  rate  of  intake  of  moisture  from  the  ground 
was  only  58  percent  as  great.  That  evaporation  into  continental 
masses  is  greater  than  that  into  maritime  has  been  verified  by 
observation  of  the  change  in  water  content  of  these  masses  as  they 
traverse  the  country. 

Table  6. — Exchanges  of  water  vapor  between  the  ground  and  continental  and  maritime 
air  masses  during  June  and  July  1939  at  the  Arlington  Experiment  Station 
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Intimately  associated  with  the  problem  of  retarding  and  reducing 
run-off  from  the  standpoint  of  flood  considerations  are  questions  of 
climatic  risk  and  of  climate-crop  relationships.  During  rainless 
periods  the  moisture  surface  moves  downward  in  the  soil  profile  at 
rates  fundamentally  dependent  upon  the  plant  complex.  This  is 
because  transpiration  by  plants  is  the  chief  mechanism  whereby 
water  is  lost  from  the  soil  HI).  Obviously,  then,  in  those  regions 
where  flood-producing  rains  are  common,  a  vegetal  complex  having 
high  transpiration  values  should  be  favored  to  create  appreciable  soil- 
moisture  deficiencies.  Conversely,  in  areas  of  high  drought  incidence, 
plants  with  small  transpiration  values  should  be  favored  so  as  to  min- 
imize crop  failure. 

OUTLOOK  FOR  IMPROVED  UNDERSTANDING 
OF  PROBLEMS 

Until  recently  no  satisfactory  technique  for  the  measurement  of 
actual  moisture  losses  from  natural  surfaces  such  as  fields  or  water- 
sheds had  been  developed.  Consequently,  lack  of  pertinent  evapora- 
tion and  transpiration  data  has  delayed  the  analysis  and  solution  of 
many  climatic  and  hydrologic  problems.  It  is  hoped  that  in  the  future 
evaporation  measurements  from  all  types  of  geographic  surfaces, 
giving  information  on  the  moisture  requirements  of  various  crops 
and  types  of  natural  vegetation  cover  and  the  effectiveness  of  various 
moisture-conserving  practices,  will  become  available.  With  the 
accumulation  of  this  information,  the  interrelations  of  climate,  hydrol- 
ogy, and  agriculture  will  be  more  clearly  understood. 
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STORMS  AND  FLOODS 

By  Benjamin  Holzman  and  Albert  Showalter  h 

Two  principal  types  of  storms  may  produce  enough  rainfall  to  cause 
floods.  One  type  (the  thunderstorm)  is  of  short  duration,  covers  a 
rather  small  area — rarely  producing  simultaneous  precipitation  over 
more  than  1,000  to  2,000  square  miles — and  has  centers  of  high  rainfall 
intensity  with  rates  occasionally  exceeding  5  inches  an  hour.  The 
other  type  (the  stagnant-cold -front  storm)  is  characterized  by  consid- 
erably longer  duration,  usually  low  intensity,  and  wide  extent,  and  it 
contributes  enormous  quantities  of  water  to  the  land. 

These  two  types  of  storms  represent  the  extremes  of  flood  types. 
The  first  concentrates  rainfall  in  both  time  and  area  and  produces 
flash  floods  on  small  streams.  In  the  second  the  rainfall  is  spread  out 
in  time  and  in  area  and  produces  high-water  stages  on  large  basins 
which  can  usually  be  predicted  in  time  to  provide  protection.  Com- 
binations or  variations  of  these  two  types  of  storms,  in  addition  to 
simple  lifting  of  warm,  moist  air  masses  over  mountains,  may  lead  to 
flood-producing  rains  over  basins  of  intermediate  sizes. 

THUNDERSTORMS  AND  FLASH  FLOODS 

The  high-intensity  storm  of  short  duration  mainly  originates  in  a 
warm,  moist  air  mass.  Such  air  masses  develop  their  physical 
characteristics  over  tropical  waters  such  as  the  Gulf  of  Mexico  or  ocean 
waters  south  of  latitude  30°.  As  a  rule  these  tropical  currents  are 
heavily  charged  with  moisture  up  to  about  8,000  feet,  but  occasionally 
under  unusual  conditions  their  high  moisture  concentration  may  ex- 
tend to  altitudes  exceeding  16,000  feet.  The  condensation  and  pre- 
cipitation of  this  abundant  moisture  causes  the  excessive  rainfall 
rates  associated  with  local  thunderstorms. 

The  process  of  convection  in  the  atmosphere  brings  about  the  release 
of  the  moisture  in  these  tropical  maritime  air  masses.  Convection 
is  a  turbulent  rising  of  air  from  lower  to  higher  altitudes;  it  is  excel- 
lently illustrated  in  the  formation  of  cumulus  clouds.  It  may  be 
produced  in  several  ways:  Through  intense  heating  of  the  layer  of 
air  next  to  the  ground,  causing  it  to  rise  because  of  its  lesser  density; 
through  the  interaction  of  cold,  dense  air  masses  with  the  warm,  moist 
masses,  causing  the  latter  to  ascend;  through  an  actual  lifting  of  the 
moist  air  as  it  flows  over  mountainous  terrain ;  or  through  a  combina- 
tion of  these  and  other  factors. 

As  the  air  currents  rise  they  reach  elevations  of  diminishing  pressure 
where  they  expand  and  cool.  The  cooling  ultimately  causes  the  water 
vapor  to  condense.  As  the  vapor  changes  to  liquid  the  latent  heat  of 
vaporization  is  added  to  the  air  current,  which  tends  to  accelerate  the 
turbulent  convective  process.  The  condensation  then  continues  at  a 
more  rapid  rate  until  nearly  all  of  the  moisture  in  the  rising  current  ha- 
been  precipitated.  Since  the  motion  of  the  air  is  mainly  vertical  and 
usually  attains  very  high  velocities,  the  rainfall  is  intense  and  is  gener- 
ally concentrated  over  a  small  area   within   a  few  hours.     Thunder 

:<  Benjamin  Holzman  i»  AjBOCfetO  Meteorologist,  Boil  <  •>  -.ice,  and  A.-  I  niter  it 

Associate  Meteorologist,  Weather  Bureau. 
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and  lightning  are  always  associated  with  the  more  intense  local  storms. 

A  storm  of  March  12,  1937,  observed  at  the  Oklahoma  Climatic 
Research  Center,15  illustrates  .the  rainfall  genesis  and  pattern  of  local 
intense  storms  (4).  On  the  morning  of  that  day  a  great  mass  of  polar 
continental  air  occupied  the  entire  Great  Plains  region.  The  southern 
boundary,  or  cold  front,  of  this  extensive  mass  of  cold,  dry  air  ex- 
tended through  Oklahoma  and  Arkansas  and  along  the  southern 
boundary  of  Tennessee.  At  6:45  p.  m.,  central  time,  rain  began  to 
fall  in  parts  of  Kingfisher  and  Logan  Counties,  Okla.  The  rainfall 
maps  in  figure  8  show  the  actual  amounts  of  precipitation  by  ^-hour 
intervals.  The  rain  was  caused  by  the  interaction  of  the  cold  polar 
air  to  the  north  and  the  warm,  moist,  tropical  Gulf  air  to  the  south. 
As  the  cold  air  pushed  southward,  causing  the  warm,  moist  air  to 
ascend,  thunderstorms  were  produced,  resulting  in  several  centers  of 
high  rainfall  intensity.  One  of  these  centers  moved  across  the  research 
area.  Although  the  same  general  meteorological  conditions  affected 
the  entire  area,  only  the  eastern  half  received  any  rainfall. 

The  run-off  from  such  sudden  downpours  of  rain  is  generally  ex- 
cessive, and  frequently  the  water  flowing  over  the  land  causes  great 
erosional  damage.  The  rapid  concentration  of  water  in  the  stream 
channels  overtaxes  their  capacity,  and  a  flash  flood  results.  Because 
of  the  local  nature  of  these  storms  and  their  characteristically  scattered 
rainfall  pattern  it  is  very  difficult  to  give  warning  of  their  approach. 

PERSISTENT  RAIN  AND  GENERAL  FLOODS 

Floods  on  large  river  systems  such  as  that  of  the  Ohio  River  are 
usually  produced  by  periods  of  persistent  warm  rainy  weather.  High 
water  is  the  result  not  only  of  the  large  total  volume  of  rain  but  also 
of  the  melting  of  large  quantities  of  snow  and  ice  and  of  ice  jams  that 
back  up  the  water  in  the  river  channels. 

Most  of  the  rainfall  in  the  United  States  results  from  the  forced 
lifting  of  large  masses  of  moist  air  which  have  moved  northward  from 
the  tropical  oceans.  As  was  explained  in  the  discussion  of  thunder- 
storms, the  moist  air  is  cooled  at  higher  levels  to  temperatures  so  low 
that  it  can  no  longer  hold  its  original  volume  of  water  vapor.  The 
formation  of  water  droplets  on  the  surface  of  cold  objects  illustrates 
the  effect  of  the  cooling  of  moist  air.  The  lifting  is  usually  accomplished 
by  colder  heavier  air  from  snow-covered  polar  regions  which  under- 
runs  the  moist  tropical  air.  The  lighter  air  rises,  as  oil  rises  to  the  top 
of  water  or  cream  to  the  top  of  milk. 

The  hard-driving  forces  of  bitter  cold  from  the  northern  polar 
regions  are  continually  trying  to  force  their  way  southward  to  tropical 
oceans  and  occupy  all  the  area  of  the  United  States.  The  contest 
between  the  warm  tropical  and  the  cold  polar  air,  which  occurs  during 
all  seasons  but  is  most  evident  during  the  cooler  part  of  the  year,  may 
be  thought  of  as  a  continuous  battle  of  weather  along  a  continually 
shifting  line  known  in  meteorology  as  the  polar  front.  The  attack 
of  the  polar  army  is  held  close  to  the  ground.     When  the  opposing 

15  In  October  1935  the  Soil  Conservation  Service,  in  cooperation  with  the  Weather  Bureau,  established 
with  Works  Progress  Administration  funds  200  weather  stations,  spaced  approximately  3  miles  apart,  in  an 
area  of  about  1,800  square  miles  in  west-central  Oklahoma.  Over  the  entire  area  simultaneous  observations 
of  temperature,  relative  humidity,  wind  velocity,  and  wind  direction  were  made  each  hour  from  7  a.  m.  to 
7  p.  m.,  and  during  storms  rainfall  was  recorded  at  15-minute  intervals. 
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army  of  tropical  breezes,  continually  trying:  to  reach  the  Canadian 
border  and  bringing  warm  weather  to  the  United  States,  finds  its 
infantry  forces  blocked,  it  takes  to  the  air  and  begins  to  ascend  above 
and  overrun  the  polar  mass,  thus  continuing  its  northward  movement. 
The  battle  line  therefore  becomes  not  merely  a  vertical  wall  but  an 
inclined  surface  sloping  toward  the  north. 

Where  the  polar  forces  move  southward  the  line  of  advance  is  called 
a  cold  front:  where  the  tropical  forces  move  northward  the  line  is 
known  as  a  warm  front.  The  two  armies  rarely  battle  to  a  standstill; 
rather,  each  southward  thrust  of  cold  air  is  balanced  by  a  northward 
push  of  warm  air.  Thus  the  polar  front  is  not  normally  a  straight 
line  but  develops  a  series  of  large-scale  waves.  Because  the  polar 
front  is  in  the  region  of  prevailing  west-to-east  winds,  the  waves 
normally  move  eastward  and  bring  alternating  periods  of  warm  and 
cold  weather. 

As  in  an  actual  battle  most  of  the  bloodshed  occurs  in  the  front 
lines,  so  in  the  weather  battle  most  of  the  ''rainshed"  occurs  near  the 
polar  front.  The  areas  of  rainfall  move  along  with  the  waves  on  the 
front.  In  certain  unusual  situations  the  regular  progression  of  waves 
is  interrupted,  and  the  front  becomes  stagnant  or  quasi-stationary  over 
one  locality.  The  battle  then  rages  with  more  than  normal  fury. 
Instead  of  large  waves  accompanied  by  light  rains  moving  along  the 
normal  polar  front,  numerous  small  waves  accompanied  by  more  in- 
tense rains  move  along  the  quasi-stationary  front.  This  produces 
persistent  rainfall  that  may  eventually  accumulate  enough  water  over 
one  watershed  to  overtax  the  banks  of  the  river  draining  that  area. 

Cold  air  at  the  surface  is  usually  accompanied  by  a  high-pressure 
area,  with  air  blowing  spirally  outward  in  a  clockwise  manner.  At 
elevations  above  10.000  feet,  however,  the  cold  air  is  usually  charac- 
terized by  a  low-pressure  area  with  counterclockwise  circulation. 
This  means  that  in  the  cold  air  mass  just  behind  the  polar  front  there 
are  normally  northwest  winds  at  the  ground  and  southwest  winds  at 
10.000  feet.  The  cold  air  at  all  elevations  therefore  moves  generally 
from  west  to  east,  carrying  the  polar  front  eastward. 

In  cases  of  stagnation  when  the  temperature  decreases  rapidly  with 
increasing  height  in  the  cold  air.  the  change  of  circulation  from  the 
lower  to  the  upper  levels  becomes  more  pronounced,  and  the  counter- 
clockwise circulation  develops  at  an  altitude  of  about  5.000  rather  than 
10,000  feet.  When  this  happens  the  circulation  in  the  cold  air  behind 
the  polar  front  is  marked  by  northeast  | instead  of  northwest")  winds  at 
the  surface  and  south  or  southeast  (instead  of  southwest')  winds  at 
10  feet.  Since  under  these  conditions  the  cold  air  has  no  push 
toward  the  east,  a  quasi-stationary  polar  front  tends  to  develop. 

The  concentration  of  a  series  of  showers  over  a  large  area  produced 
-agnation  of  the  polar  front  is  typified  by  a  storm  of  January 
S3  .  which  produced  outstanding  floods  in  the  Ohio  River. 
The  air  trajectories  at  the  surface  and  at  5.000  meters  above  sea 
level  for  January  20.  1937.  are  illustrated  in  figure  9.  A  and  5,  and 
figure  10  shows  the  rainfall  pattern  for  the  afternoon  of  the  same  day. 
,siderable  study  is  being  devoted  to  the  problem  of  determining 
the  large-scale  abnormalities  in  the  general  circulation  of  the  atmos- 
phere that  cause  the  stagnation  of  the  polar  front.  At  present  it 
seems  well  established  that  one  of  the  immediate  causes  is  a  southward 
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Fig i  re  10.— Rainstorm  of  January  20,  1937,  afternoon  (38,  p.  479). 
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thrust  of  exceptionally  cold  air  at  high  elevations,  which  usually 
leads  to  the  rapid  development  of  an  intense  storm  system  some  dis- 
tance eastward.  There  may  be  a  series  of  such  thrusts  or  a  sustained 
flow  of  cold  air. 

A  series  of  rapid  southward  thrusts  of  cold  air  at  high  levels  over 
the  central  part  of  the  United  States  during  March  1936  led  to  the 
development  of  a  number  of  very  intense  storms  and  floods  that  reached 
their  peak  in  the  northeastern  United  States.  The  floods  were  caused 
not  only  by  heaw  rains  but  also  by  high  temperatures  that  melted  the 
snow  (11,12,  13). 

A  sustained  southward  flow  of  cold  air  at  high  elevations  tends  to 
develop  what  is  known  as  a  stationary  cold  low  aloft,  circulating  in 
a  counterclockwise  manner.  Beneath  this  upper  cold  low,  a  cold 
high  develops  at  the  surface  and  circulates  in  the  opposite  direction. 
However,  the  dome  of  cold  air  associated  with  the  high-pressure  area 
at  the  surface  has  an  appreciable  inclination  toward  the  north,  and 
the  persistence  of  cyclonic  circulation  aloft  tends  to  drag  warm  moist 
air  from  the  tropical  regions  up  the  slope  of  the  dome  of  cold  air,  thus 
producing  rain  by  condensation  of  moisture.  The  rainfall  continues 
until  some  break  occurs  in  the  southward  flow  of  cold  air  at  high  eleva- 
tions, when  the  quasi-stationary  front  dissipates  and  moves  eastward. 
Since  there  is  some  tendency  for  persistence  in  weather  trends,  how- 
ever, the  process  that  originally  caused  the  front  to  stagnate  becomes 
reestablished  within  a  short  time  when  the  next  southward  thrust  of 
cold  air  occurs.  The  second  period  of  stagnation  can  produce  a  con- 
centration of  rainfall  in  the  lower  end  of  a  large  drainage  basin  which 
would  be  added  to  the  water  accumulated  in  the  upper  reaches  during 
the  first  storm.  The  first  3  weeks  of  January  1937,  when  the  disas- 
trous floods  in  the  Ohio  Valley  occurred,  were  characterized  by  periods 
of  stagnation  interrupted  only  by  short  breaks,  and  the  cycle  was 
repeated  a  number  of  times. 

SNOW  MELT 

By  C.  L.  Forsling16 

Snow  is  an  important  contributor  to  flood  hazards  wherever  heavy 
snowfall  occurs  or  where  winter  snows  accumulate.  In  regions  such 
as  the  Northeast  and  the  Lake  States,  where  the  normal  annual  snow- 
fall is  40  to  100  inches  (4#),  and  in  mountainous  areas  such  as  the  far 
West,  where  snowfall  ranges  from  50  to  500  inches  and  great  snow 
packs  contain  100  or  more  inches  of  water,  rapid  snow  melt  alone  may 
produce  floods.  Even  in  these  regions,  however,  the  greatest  hazard 
comes  from  rains  accompanying  sudden  thaws.  The  hazard  varies 
with  latitude,  elevation,  and  climatic  conditions  and  is  influenced 
locally  by  the  character  of  the  topography  and  the  vegetation. 

Through  the  Middle  Atlantic  States  and  the  central  Ohio  and  Mis- 
sissippi Valleys  snowfall  ranges  from  10  to  30  inches,  and  snow  melt 
is  only  occasionally  a  contributor  to  winter  and  spring  floods,  which 
are  primarily  caused  by  heavy  rains.  Over  the  Plains,  snow  melt  is 
generally  of  secondary  importance  and  has  only  occasionally  contrib- 
uted to  general  spring  floods.    In  the  extreme  north,  snow  melt  may 

14  C.  L.  Forsling  is  Assistant  Chief,  Forest  Service,  in  charge  of  Forest  Research. 
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at  times  be  the  chief  factor  in  local  floods.  Throughout  the  West, 
heavy  snows  at  high  elevations  are  a  source  of  floods,  as  well  as  01 
normal  stream  flow. 

For  any  one  year  in  any  given  region  the  relation  of  snow  to  floods 
may  be  critical  or  negligible,  depending  on  the  winter  and  spring 
weather  conditions.  Thus,  a  winter  of  abnormal  snow  and  cold  in 
southerly  latitudes  may  result  in  snow  accumulations  threatening  a 
flood.  A  warm  northern  winter  may  make  the  spring  flood  hazard 
negligible.  Similarly,  a  cool  spring  in  northerly  latitudes  or  moun- 
tainous regions  may  cause  the  gradual  release  of  snow  water  with  no 
threat  of  serious  floods. 

The  time  of  occurrence  of  heavy  snows  is  also  a  factor,  particularly 
as  it  is  related  to  soil  freezing.  If  snow  comes  early  in  the  winter  and 
the  ground  is  continuously  blanketed,  the  insulating  effect  reduces  or 
prevents  freezing  of  the  soil,  and  the  ground  remains  receptive  to  water 
from  later  thaws  and  rains.  If  snow  does  not  come  too  late,  the  frozen 
soil  may  gradually  thaw  beneath  the  insulating  blanket  and  be  re- 
ceptive to  water  as  melting  takes  place.  If  snows  are  too  long  de- 
layed, however,  or  if  the  soil  is  not  completely  blanketed  dining  con- 
tinued low  temperatures,  the  ground  may  be  frozen  at  the  time  of  a 
general  thaw,  and  run-off  will  be  increased.  Occasionally  a  soil  is 
covered  with  both  a  layer  of  ice  and  a  deep  snow.  Ice  under  the  snow 
has  the  same  effect  as  frozen  soil. 

When  there  is  a  heavy  accumulation  of  snow,  with  or  without  frozen 
ground,  the  character  of  the  thaw  that  removes  it  becomes  critical. 
Even  the  most  rapid  rate  of  snow  melt  is  only  equal  to  that  of  a  mod- 
erate rain,  but  a  snow  cover  is  usually  more  widely  and  uniformly  dis- 
tributed than  rainfall,  and  heavy  concentrations  of  run-off  may  occur 
if  melting  is  rapid. 

CAUSES  OF  MELTING 

Melting  is  effected  by  (1)  warm,  moist  winds,  which  cause  the  most 
rapid  melting;  (2)  sun  and  rain,  which  usually  contribute  to  the  re- 
moval of  heavy  snow  cover  in  the  spring;  and  (%)  unfrozen  soil,  which 
constantly  melts  small  amounts  of  snow  in  winter,  thereby  increasing 
the  ground-water  supply.  When  deep  fresh  snow  is  acted  on  by  either 
solar  radiation  or  warm  air  and  the  heat  of  condensation,  the  surface 
melts  and  the  water  percolates  to  lower  snow  layers  and  is  absorbed. 
Rain  on  fresh  snow  is  similarly  absorbed  by  the  snow  mass.  Minor 
thaws  of  this  nature,  recurrent  during  winter  or  before  the  spring 
break-up,  condense  and  compact  the  snow  mantle  and  prepare  it  for  final 
disposition.  It  is  common  to  find  a  steady  increase  in  the  density  of 
snow  from  about  10  percent  (1  inch  of  water  to  10  inches  of  snow  at 
the  time  of  snow  fall  up  to  about  40  percent  (T  inch  of  water  I 
inches  of  snow)  at  the  time  of  final  melting 

Radiation  from  the  sim  is  largely  reflected  back  into  space  from  a 
clean,  unbroken  snow  surface  and  melts  little  if  any  snow.  This 
ineffectiveness  of  "hot"  sunlight  is  attested  by  the  spectacle  of  skiers 
in  bathing  suits  on  sheltered  mountain  slopes^  If.  however,  the  snow 
surface  becomes  darkened  to  any  degree  through  dust  storms  or  by 
soot  in  the  proximity  of  cities,  snow  melt  may  take  place  under  sun- 
light.    If  the  blackened  layer  is  covered  by  a  later  fall  of  snow,  unless 
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it  is  buried  too  deeply,  melting  will  still  occur  at  the  blackened  zone, 
the  sunlight  passing  through  the  top  layer.  Blackened  thermom- 
eters buried  in  unshaded  snow  to  a  depth  of  1  foot  have  recorded 
higher  temperatures  than  unblackened  thermometers  at  the  same 
level  (6).  Similarly,  if  the  total  depth  of  snow  is  not  too  great,  melting 
occurs  at  the  soil  surface  from  absorbed  sunlight  released  as  heat. 

Contrary  to  general  opinion,  rain  is  not  an  important  factor  in  snow 
melt.  For  example.  5  inches  of  rain  at  a  temperature  of  41°  F.  can 
release  less  than  one-third  of  an  inch  of  snow  water.  On  the  other 
hand,  a  heavy  snow  cover,  especially  when  cold,  will  retain  a  con- 
siderable rainfall  and  release  it  only  during  subsequent  thaw-. 

Warm,  moist  air.  especially  when  moved  by  a  strong  wind,  is  a 
major  factor  in  melting  snow.  AYhen  such  air  is  in  contact  with  a 
snow  surface,  condensation  of  moisture  takes  place,  and  heat  is 
released.  The  warmth  of  the  air  itself  is  augmented  by  this  heat  of 
condensation.  Fresh  sources  of  heat  are  constantly  available  because 
of  the  movement  of  the  air,  and  snow  melt  progresses  rapidly.  Melting 
of  snow  under  these  conditions  has  caused  floods  in  New  England,  in 
the  northern  Lake  and  Great  Plains  regions,  and  in  the  northern 
mountains  of  the  West.  When  rainfall  occurs  in  conjunction  with 
these  moist,  warm  winds  optimum  conditions  for  floods  prevail. 
This  combination  caused  the  1936  New  England  floods.17  augmented 
the  Ohio  River  flood  of  the  same  year,  and  is  the  most  frequent  cause 
of  floods  throughout  the  snowy  portion  of  the  country. 

The  true  chinook  wind  common  to  eastern  mountain  slopes  of  tin- 
West  causes  rapid  removal  of  a  snow  cover  but  seldom  if  ever  results 
in  floods.  Though  this  wind  is  warm,  it  is  so  dry  that  the  melting 
snow  is  vaporized,  and  little  of  the  snow  water  reaches  the  soil. 

The  effect  of  local  topography  is  illustrated  by  the  fact  that  snow 
accumulates  most  heavily  and  remains  longest  on  slopes  sheltered  from 
wind  and  sim.  partly  because  it  is  shifted  there  from  exposed  slopes, 
and  partly  because  rates  of  evaporation  and  melting  are  lower  in  such 
locations.  On  watersheds  where  the  local  slope,  exposure,  and  eleva- 
tion is  sufficiently  varied,  there  may  be  enough  difference  in  the  rates 
of  melt  in  various  parts  of  the  watershed  to  tend  to  regulate  the  dis- 
charge of  snow  water. 

The  sheltering  effect  of  vegetation  also  tends  to  regulate  melting 
by  introducing  a  new  factor — interception.  This  suggests  the  possi- 
bility of  partial  control  of  snow  accumulation  and  rate  of  melt  through 
management  of  the  vegetative  cover. 

FORESTS  AND  SNOW 

Forests,  particularly  coniferous  forests,  have  a  major  influence 
on    snow    accumulation.     Dense    coniferous    fo  tain    in    their 

canopy  50  to  90  percent  of  a  heavy  fall  of  snow  and  thus  expose  an 
increased  surface  to  evaporation.  Some  of  this  intercepted  snow 
later  cascades  to  the  ground,  but  considerable  evaporation  takes  place 
if  clear,  cool  weather  prevails.  Open  coniferous  forests  intercept 
smaller  amounts.  Hardwood  forests  intercept  almost  no  snow  and 
accumulate  more  on  the  ground  than  either  coniferous  types  or  open 

°  Baldwin.  Henry  I.,  and  Brooks,  Charles  F.  forests  and  floods  m  new  Hampshire.  New 
England  Regional  Planning  Comn.,  Pub.  47.  28  pp..  illus.     1936.    [Processed.] 


560     •     Yearbook  of  Agriculture,  1941 

areas.  Herbaceous  vegetation  has  only  a  minor  effect  on  the  dis- 
position of  snow. 

Thus  in  general  the  greatest  depths  of  snow  in  spring  are  found 
in  hardwood  and  open  coniferous  forests,  lesser  amounts  on  cleared 
areas,  and  least  under  dense  coniferous  forests.  Occasionally  a  very 
open  coniferous  forest  will  hasten  the  melting  of  snow  through  the 
absorption  of  sunlisrht  bv  tree  crowns  and  boles  and  the  reradiation 
of  heat  (16). 

The  vegetative  cover  affects  the  extent  and  severity  of  soil  freezing 
both  indirectly  through  its  effect  on  snow  accumulation  and  more 
directly  through  its  effect  on  the  character  of  the  soil  and  the  accumu- 
lation of  litter  and  humus.  Experimental  results  indicate  that  soil 
temperatures  in  hardwood  areas  are  higher  throughout  the  winter 
than  those  in  adjacent  areas  of  softwoods.  Winter  soil  temperatures 
are  lower  in  cleared  areas  than  in  any  of  the  forest  types.  In  many 
cases  the  hardwood  areas  will  remain  unfrozen  throughout  the  winter 
while  the  soil  in  cleared  areas  and  in  many  of  the  coniferous  areas  is 
frozen  solid  for  long  periods. 

Forests  have  an  important  influence  on  the  rate  of  snow  melt  be- 
cause of  their  obstruction  to  wind  movement.  Wind  velocity  may  be 
reduced  more  than  90  percent  by  a  dense  coniferous  forest  (17). 
Even  very  open  coniferous  stands  and  hardwood  forests  reduce  the 
velocity  to  some  degree.  The  rate  of  snow  melt  is  thus  reduced  in 
forests  during  the  critical  periods  of  warm,  moist  winds. 

To  sum  up  the  effect  of  forests:  Under  dense  coniferous  forests 
snow  accumulation  is  least,  soil  freezing  is  moderate,  and  snow  melt 
is  slowest;  under  hardwoods  and  open  coniferous  forests  snow  is 
deepest,  soil  freezing  is  prevented  or  reduced  to  a  minimum,  and  the 
rate  of  snow  melt  is  moderate;  in  cleared  areas  snow  depths  are  inter- 
mediate, soil  freezing  is  at  its  maximum,  and  snow  melt  is  rapid.  On 
a  watershed  having  different  types  of  cover,  the  varying  rates  of 
melting  favor  lower  flood  peaks  than  would  occur  if  one  type  of  cover 
prevailed. 

REDUCING  THE  FLOOD  HAZARD  FROM 
SNOW  MELT 

Large  quantities  of  accumulated  snow,  rapid  rates  of  melting 
during  periods  of  warm,  moist  winds,  and  frozen  soil  or  ice  layers 
that  interfere  with  infiltration  appear  to  be  the  most  important 
factors  tending  to  increase  the  flood  hazard.  Since  all  of  these  factors 
are  affected  by  the  type  of  vegetative  cover,  the  flood  hazard  can  be 
reduced  by  using  an  arrangement  and  distribution  of  cover  types 
which  under  local  climatic  and  topographic  conditions  will  tend  to 
regulate  the  discharge  resulting  from  snow  melt. 
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LAND  USE  IN  FLOOD  CONTROL 

By  Arthur  C.  Ringland  and  Otto  E.  Guthe  18 

Proper  land  use  can  help  to  reduce  the  flood  hazard.  The  choice  of 
measures  for  accomplishing  this  end  is  influenced  by  the  frequency 
and  intensity  of  rainstorms,  the  length  of  the  growing  season,  the 
slope  of  the  land,  and  the  qualities  of  the  soil.  One  of  the  first  tasks 
in  any  upstream  program  for  flood  reduction  is  to  evaluate,  for  indi- 
vidual drainage  basins,  the  adaptability  and  effectiveness  of  various 
recognized  land  use  practices  specifically  for  reducing  flood  damage, 
even  though  the  direct  agricultural  benefits  of  many  of  these  practices 
already  have  been  clearly  established  as  practical  for  soil  and  water 
conservation. 

Protection  from  destructive  flood  flows  is  now  recognized  by  Con- 
gress as  a  responsibility  of  the  Federal  Government  in  cooperation 
with  State  and  local  public  agencies  (31) .  Envisaged  as  a  coordinated 
approach  to  the  problem  is  the  control  of  whole  drainage  basins  by 
major  engineering  works  on  the  arterial  channels,  by  the  planning 
and  zoning  of  the  occupied  natural  flood  courses  and  plains,  and  by 
improved  land  use  practices  and  other  conservation  measures  for 
control  of  headwaters.  Each  large  drainage  area  is  made  up  of  numer- 
ous component  catchment  basins  with  diverse  climatic,  physiographic, 
and  edaphic  conditions  which  present  individual  problems.  The  need 
for  solving  these  problems  is  urgent,  since  Congress  has  authorized 
and  directed  the  appraisal  of  several  hundred  drainage  basins  for 
flood-control  purposes. 

On  a  number  of  these  basins  the  War  Department  has  completed 
its  surveys  and  is  actively  engaged  in  the  construction  of  major 
engineering  works,  such  as  storage  reservoirs,  flood  walls,  levees,  and 
channel  improvements  on  arterial  rivers  and  primary  tributaries; 
while  as  a  complement  to  these  downstream  works,  the  Department 
of  Agriculture  is  preparing  to  undertake  auxiliary  measures  of  minor 
channel  engineering,  soil-surface  engineering,  soil  treatment,  and  land 
use  adjustments  in  headwater  areas  (28).  These  measures  are  de- 
signed to  protect  and  further  the  effectiveness  of  downstream  engi- 
neering works,  by  retarding  run-off  and  decreasing  the  rates  of  silta- 
tion;  to  reduce  the  deposition  of  erosional  debris  in  river  channels 
and  on  productive  bottom  land ;  and  to  curb  the  run-off  contributed 
by  tributaries  not  affected  by  storage  reservoirs. 

POSSIBILITIES  AND  LIMITATIONS  OF  LAND  USE 
IN  FLOOD  CONTROL 

Although  the  rates  of  soil  erosion  and  surface  run-off  depend  in 
part  upon  the  configuration  of  the  land  surface  and  the  nature  of  the 
soil,  they  are  also  influenced  by  the  ways  in  which  the  laud  is  managed, 
including  the  uses  to  which  it  is  put  and  the  cropping,  grazing,  and 
forestry  practices  employed.  Vegetative  and  mechanical  measures, 
designed  for  the  dual  purpose  of  soil  and  water  conservation,  increase 
the  amount  of  storm  water  that  is  absorbed  by  the  soil  and  stored  on 

"  Arthur  C.  Ringland  is  Special  Assistant,  Flood  Control  Coordination,  and  Otto  E.  Outhc  is  Senior 
Soil  Conservationist,  Climatic  and  Physiographic  Division,  Office  of  Research,  Soil  Conservation  Service. 
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the  land.  These  measures  include  crop  rotation,  strip  cropping, 
terracing,  contour  cultivation,  contour  ridging,  contour  furrowing, 
rotation  grazing,  reforestation,  and  many  others.  Experimental 
evidence  has  proved  each  of  these  measures  to  be  effective  under 
specific  climatic  or  physiographic  conditions.  An  essential  feature  of 
all  of  them  is  an  effective  vegetation  cover  or  favorable  soil-surface 
conditions. 

The  character  of  the  vegetation,  as  reflected  in  its  composition, 
height,  density,  and  luxuriance,  is  governed  by  soil  and  weather 
conditions,  method  of  planting,  and  field  operations.  Land  uses  and 
cropping  practices  that  give  the  maximum  plant  cover  within  the 
climatic  and  physical  limitations  and  the  economic  requirements  of  an 
area  are  the  most  effective  ones  for  reducing  flood  flows.  A  dense 
vegetation  cover  provides  a  canopy  that  intercepts  a  portion  of  the 
rainfall  and  returns  it  to  the  air  by  evaporation  without  permitting  it 
to  reach  the  ground.  This  same  canopy  also  breaks  the  impact  of 
the  rain  on  the  ground,  thereby  retarding  soil  dispersion  and  the 
clogging  of  the  pores  in  the  soil.  Stems  and  fallen  leaves  of  plants 
obstruct  the  overland  flow  of  water  and  in  combination  with  roots 
furnish  an  important  means  of  soil  stabilization.  Furthermore, 
between  storms,  vegetative  growth  tends  to  deplete  the  moisture  in 
the  soil  and  so  increases  its  capacity  to  absorb  storm  water  that  would 
otherwise  contribute  to  stream  flow. 

Tillage  along  the  contour  on  slopes  will  increase  the  detention  of 
storm  water  on  the  land  surface,  but  continued  cultivation  has  the 
disadvantage  of  lowering  infiltration  rates  by  destroying  the  soil 
structure.  This  can  be  counteracted  in  some  degree  by  the  addition 
of  organic  matter.  Any  loosening  of  the  surface  soil  generally  makes 
it  more  susceptible  to  erosion  when  surface  run-off  does  occur  and 
is  also  conducive  to  the  clogging  of  soil  pores. 

The  effectiveness  of  a  given  set  of  land  use  conditions  in  reducing 
run-off  depends  upon  the  weather  sequence  prior  to  a  rainstorm  and 
the  intensity  and  duration  of  the  storm  itself.  The  rate  at  which 
water  can  be  absorbed  is  governed  not  only  by  the  soil  texture  and 
structure  but  also  by  the  amount  of  water  in  the  soil.  Because  the 
noncapillary  pores  are  open  to  considerable  depths  after  extended  dry 
periods,  the  storm  water  has  free  entry.  However,  if  as  a  result  of 
previous  storms  the  soil  is  in  a  saturated  condition  at  the  time  of  a 
rain,  the  intake  of  water  is  impeded  because  the  soil  pores  are  filled 
with  water  and  with  soil  particles  washed  in  from  the  surface. 
Weather  conditions  during  a  dry  period  preceding  a  storm  also  have 
a  controlling  influence  on  evaporation  and  transpiration,  both  directly 
by  determining  the  evaporation  rates  from  ground  and  plant  surfaces, 
and  indirectly  by  regulating  plant  growth  and  so  controlling  the 
surface  area  from  which  transpiration  can  take  place.  It  is  during 
these  periods  without  appreciable  rainfall  that  soil-moisture  deficiencies 
develop. 

Of  equal  importance  is  the  intensity  of  rain  at  any  time  during  the 
storm.  When  the  intensity  of  rainfall  at  the  ground  exceeds  the  rate 
of  infiltration  into  the  soil,  water  begins  to  collect  on  the  surface  and 
then  to  run  off.  Thus  direct  run-off  may  occur  even  from  soil  with 
a  low  moisture  content  when  it  has  an  inherently  low  infiltration  rate 
or  when  the  rainfall  intensity  is  exceptionally  high. 
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Abundant  experimental  data  clearly  show  the  general  relationships 
of  land  use  practices  to  surface  run-oif  and  soil  erosion,  but  they 
cannot  be  used  for  quantitative  comparison  until  they  are  analyzed 
in  terms  of  the  storm  intensities,  soil  conditions,  and  stages  and  den- 
sities of  vegetative  growth  associated  with  the  observations.  Since 
most  experiments  have  been  conducted  on  small  plots  and  catchment 
areas  of  less  than  1  acre  to  only  a  few  acres  in  size,  the  cumulative 
effect  of  the  diverse  conditions  found  on  large  drainage  basins  is 
merely  suggested  by  the  results  obtained. 

Land  use  has  definite  limitations  as  a  factor  in  reducing  the  flood 
hazard.  In  common  with  all  control  measures,  upstream  improve- 
ment is  practical  only  insofar  as  the  cost  does  not  exceed  the  value  of 
the  individual  and  social  benefits  to  be  attained.  In  some  localities, 
unfavorable  slopes  and  soils  restrict  the  use  of  corrective  measures. 
Elsewhere,  the  resistance  of  human  beings  to  change  may  be  a  barrier 
to  proper  land  use.  Complete  cooperation  by  landowners  is  seldom 
attainable,  nor  can  the  sustained  private  maintenance  of  corrective 
measures  on  the  land  be  unconditionally  guaranteed.  However, 
experience  in  areas  where  such  measures  have  been  applied  indicates 
that  landowners  generally  do  continue  to  maintain  them. 

Occasionally,  forces  beyond  the  control  of  man  may  combine  to 
create  floods  of  unusual  magnitude.  General  rains  caused  by  moist 
maritime  air  flowing  over  a  cold  continental  air  mass  and  falling 
without  interruption  for  several  days  on  saturated,  frozen,  or  snow- 
covered  ground  may  produce  major  floods.  Some  of  these  that  were 
most  disastrous  to  industrial,  residential,  and  rural  areas,  like  the 
Ohio  River  flood  in  1937,  have  been  the  result  of  such  widespread 
storms.  Also,  destructive  flash  floods  are  sometimes  inevitable  after 
sudden  rainstorms  of  high  intensity  on  small  drainage  basins  with 
pronounced  slopes.  The  value  of  land  use  measures  would  be  largely 
obscured  by  the  overwhelming  force  of  such  unusual  combinations  of 
flood-producing  factors. 

At  other  times,  however,  proper  land  use  measures  may  be  relied 
upon  with  confidence  to  retard  the  run-off  contributed  by  numerous 
small  tributaries  and  so  to  reduce  the  concentration  of  floodwater  in 
the  larger  streams.  The  effectiveness  of  headwaters  control  has  been 
successfully  demonstrated  in  the  Alps  of  France,  Switzerland,  Austria, 
and  Italy,  where  land  use  treatments  and  upstream  engineering  have 
curbed  surface  run-off  after  storms,  floodwater  velocities  of  feeder 
tributaries  of  steep  gradient,  riverbank  erosion,  and  the  movement  of 
sediment  and  debris  carried  by  the  swollen  streams  (9,  32)}* 

An  evaluation  of  the  extent  to  which  readjustments  in  land  use  can 
be  counted  upon  to  reduce  the  flood  hazard  is  beset  with  difficulties. 
The  distribution,  intensity,  and  duration  of  precipitation  can  be 
measured  adequately  by  a  network  of  recording  rain  gages  or,  in  re- 
gions of  heavy  snowfall,  by  snow  surveys.  Similarly,  the  relative 
capacities  of  different  soils  to  absorb  water  and  of  various  land  treat- 
ments to  reduce  surface  run-off  and  soil  erosion  are  being  determined 
by  experimental  research.     Much  of  the  value  of  vegetation  for  head- 

i»  See  also: 

Ringland,  Arthur  C.  notes  on  reforestation  and  engineering  in  the  french  alps.  U.  S.  Forest 
Serv.,  Serv.  Bui.  17  (23):  3-4.  1933.  (Abstract  from  report,  La  Kcstauration  des  Alpes,  of  faspector-Oenera] 
M.  P,  Mougin  to  the  Ministry  of  Agriculture  of  France,  1981.)    [Mimeographed.] 

Ringland,  Artiitk  C.  notes  on  sou.  erosion  and  reforestation  in  italt:  suggestions  for  Ameri- 
can application.     U.  S.  Forest  Serv.    12  pp.,  illus.    1934.    [Mimeographed. I 
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waters  control  in  humid  regions,  however,  lies  in  its  function  of 
diminishing,  or  at  times  even  eliminating,  storm  contributions  to  run- 
off. Transpiration  preceding  rainfall  depletes  the  soil  moisture  and 
increases  the  capacity  of  the  soil  to  retain  storm  water.  This  function 
of  vegetation  cannot  be  correctly  evaluated  until  measurements  are 
available  of  the  amount  of  moisture  returned  to  the  atmosphere  from 
the  land  surface  and  from  different  types  of  vegetative  growth  under 
various  climatic  conditions.  Within  the  last  year  notable  progress 
has  been  made  through  the  development  of  an  inexpensive  method, 
previously  described  in  this  article  and  now  in  use  experimentally,  for 
securing  measurements  of  combined  evaporation  and  transpiration 
from  natural  surfaces  (89) . 

The  study  of  overland  flow  and  the  concentration  of  excess  water 
from  land  surfaces  into  tributary  drain ageways  and  subsequently  into 
trunk  streams  has  progressed  slowly  because  of  the  complexity  of  the 
problem.  Within  a  single  drainage  basin  there  may  be  great  varia- 
tions in  rainfall  intensity,  soil  condition,  slope,  vegetation  or  land  use, 
and  drainage-pattern  density — that  is,  the  number  of  streams  in  a 
given  area.  Lack  of  information  on  the  interrelation  of  these  varia- 
bles makes  it  difficult  to  apply  experimental  data  showing  the  rela- 
tions of  different  land  use  practices  to  run-off  from  small  areas  to  the 
calculation  of  the  volume  of  surface  run-off  from  large  drainage 
basins.20 

SURVEYS  AND  RESEARCH  UNDER  WAY 

At  present  the  Department  of  Agriculture  is  conducting  surveys  in 
many  flood-producing  areas  of  the  United  States  for  the  purpose  of 
securing  estimates  of  the  probable  reductions  in  flood  flows  and 
sedimentation  which  could  be  effected  through  improved  land  use 
practices  and  minor  engineering  works.  The  techniques  utilized  for 
making  such  estimates  and  for  determining  benefits  therefrom  have 
varied  with  the  surveys. 

Basically,  the  procedures  have  had  much  in  common.  First,  an 
analysis  is  made  of  the  flood-producing  storms  that  have  been  experi- 
enced on  or  near  the  drainage  area.  The  drainage  basin  is  then  divided 
into  minor  drainage  units  for  which  land  treatments,  readjustments  in 
use,  and  minor  engineering  works  suitable  for  recommendation 
are  planned.  Run-off  and  erosion  values  for  the  existing  and 
proposed  practices  are  secured  from  detailed  measurements  in  the 
field  and  at  experiment  stations  having  similar  physical  conditions. 
These  values,  however,  must  be  adjusted  on  the  basis  of  past, experi- 
ence to  allow  for  the  modifying  influence  of  overland  flow.  Only  then 
can  they  be  used  in  association  with  theoretical  storm  occurrences  for 
calculating  the  probable  reductions  in  flood  crests  and  sedimentation. 
To  estimate  the  benefits  to  be  secured  downstream  from  upstream 
corrective  measures,  studies  are  made  of  the  damage  resulting  from 
overflow  and  deposition  of  debris  and  silt  from  floods  of  different 
magnitudes.  After  the  effectiveness  of  the  various  proposed  upstream 
improvements  has  been  determined  on  the  basis  of  the  survey  findings, 
they  are  considered  in  relation  to  the  downstream  investigations  or 

20  Bernard  (2)  has  developed  a  method  which,  in  theory,  combines  and  routes  the  flow  from  each  of  the 
many  component  units  of  a  watershed,  each  unit  being  assigned  the  hvdrograph  secured  by  experimentation 
on  identical  site  conditions.    He  thereby  secures  a  hydrograph  of  flow  at  the  outlet  of  the  watershed. 
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construction  plans  of  the  War  Departme:  "ermine 

ntrol  program  for  the  project  as  a  whole. 
Although  these  surveys  represent  a  concerted  attemp  - 
existing  and  recom mended  land  use  practices  as  measures  for  reducing 
the  flood  hazard,   the  comple  problem  and  the  Jack  of 

r  additional  research  which 
in  a  dearer  understanding  of  the  ways  in  winch  the  many 

I  single  drainage  hasin  comb  l 
from  the  ar- 

In  time,  improved  land    use  management  will  not  only  become 
progressively  more  effeetrre       a  s  . 

:ng  flood  hazard-  \  ~  help  to  ma- 

ture in  a  more  I:  sh 

I        -:ontrol    measures    likewise    serve    multiple    purp 
engineering  works  may  be  designed  to  permit  navigation,  irrigatknv 

pre- 
:nwise  occupancy  may  release  areas  for  forestry,  wildlife 

FLOOD  FORECASTING 

By  Merrill  Bz 

At  10  a.  m.  on  Jan  _  ~  rs  marked  the  highest  stage 

in  th  -     ' 

.     _  \    _     on  the  riverbank  to  a  little  mor- 

mark    I  I  above  flood  ~iew  of  Louisville  on  January 

-hown  in  figure  11.     Immediate  concern  was  centered  upon  the 

?arkersbuigr   and 
it  in  fact  the  first  scene  of  the  impending  flood  had 
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been  laid  moie  than  a  month  before  in  remote  tropieal  and  polar 
source  regions  of  warm-damp  and  cold-dry  air  mas-  - 

What  circumstances  combined  to  brine  the  river  to  the  particular 
stage  of  57.15  feet  at  Louisville0  The  forecaster's  answer  had  to  be 
a  quantitative  evaluation  of  the  immediately  determinable  forces 
that  transported  inland,  precipitated,  and  finally  concentrated  the 
•d  of  water  particles  within  the  narrow  dimensions  of  the  Ohio 
River  flood  channel  during  the  nearlv  30  davs  of  almost  continuous 
rainfall  from  December  2S^  1936.  to  January  25.  1937. 

CAUSES  AND  RESULTS  OF  FLOODS 

A  flood  is  the  temporary  unbalance  in  nature  that  results  when  more 
water  is  supplied  to  the  land  in  the  form  of  precipitation  than  can  be 
by  the  land  itself  and  its  vegetation  or  retained  in  natural 
reservoirs  and  man-made  works  for  providing  storage.  The  localized 
effect  is  the  rapid  rise  of  the  water  to  and  above  the  in-bank  capacity 
of  the  channel  reach,  often  with  accompanying  inundation  of  fertile 
and  highly  developed  valley  areas. 

st  of  a  flood  to  a  community  includes  these  principal  items: 
(1)  Loss  of  human  life:  [2)  danger  to  the  public  health;  (3)  damage  to 
ble  property:  4  damage  to  immovable  property:  and  (5)  in- 
tangible Losses  -  a  disruption  of  business  and  transportation. 
An  accurate  and  timely  forecast  of  an  impending  flood  should  eliminate 
the  first,  materially  reduce  :id  and  third,  to  some  extent  reduce 
the  fourth  by  providing  an  opportunity  to  protect  the  less  vulnerable 
areas,  and  help  to  decrease  the  fifth  class  of  damage. 

Whil  has  presented  graphically  estimates  of  flood  losses  in 

the  Linked  States.  In  figure  12.  the  distribution  of  loss  is  shown 
geographically.  It  is  seen  that  the  greatest  loss  is  confined  to  the 
-sippi  Valley,  with  the  Atlantic  and  Gulf  coasts  also  suffering 
appreciable  damage.  In  figure  13  the  flood  loss  is  shown  by  class  and 
regional  division.  By  far  the  greatest  of  the  losses  subject  to  classi- 
fication are  those  of  property — largely  buildings,  highways,  and  rail- 
roads. 

THE  PROBLEM  OF  FLOOD  FORECASTING 

ntradictine  the  prevailing  idea  that  the  occurrence  of  floods 
r.fined  to  a  w41-defined  "flood  season"  are  shown  in  table  7. 
Of  the  168  months  in  the  period  1924  to  1937.  inclusive,  only  15  did 
not  bring  to  some  locality  a  flood  of  damaging  proportions. 
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The  complexity  of  the  problem  of  forecasting  the  individual  flood 
is  m  in  figure  14.  .4.  in  which  the  principal  factors  and  their  rela- 
tionships are  shown  diagrammatiealry.  To  observe,  record,  transmit, 
receive,  tabulate,  and  analyze  the  data  representing  them  demands  a 
v    organ  characterized   by    unremitting   alertness, 

dependability  of  communications,  simplicity  of  method,  and  the  forti- 
fied judgment  of  trained  and  experienced  personnel.  The  functional 
outline  of  such  a  service  is  shown  in  figure  14T  B. 

The  flood  forecast,  to  be  effective,  must  be  accurate  and  timely. 
Accuracy  will  depend  on  the  adequacy  of  the  data  and  the  flexibility 
of  the  method  of  f ore<  _    ~hich  should  provide  for  the  use  of  the 

greatest  number  of  determinable  factors.  The  period  of  forecast  (the 
interval  between  the  time  of  issuance  and  the  time  of  arrival  of  the 
si  -"age  or  flood  crest)  will  depend  upon  the  promptness  with 
which  data  are  assembled,  organized,  and  translated  into  terms  of 
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Figure   14. — A.  Factors  involved  in    flood    forecasting;  R,  functional   outline   of  a 

forecas  tins  service. 
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flood  discharge  and  stage.  A  6-hour  reporting  period  is  proving  to 
be  of  workable  length  on  river  systems  of  intermediate  size.  This 
allows  2  to  3  hours  for  the  reception  of  data  and  3  to  4  hours  for  the 
formulation  and  dissemination  of  the  forecasts.  Rainfall  reports  are 
so  organized  that  the  distribution  of  average  depth  for  each  6-hour 
period  over  the  principal  tributary  basins  can  be  determined  rapidly 
by  mechanical  and  graphical  methods.  River-stage  reports,  received 
periodically,  serve  as  indices  of  run-off  conditions  and  also  aid  in 
progressively  plotting  the  flood  hydrograph  as  it  develops. 

THE  FLOOD-FORECASTING  SERVICE  AND  HOW 
IT  OPERATES 

In  the  United  States  the  flood-forecasting  service  to  the  public 
is  conducted  by  the  Weather  Bureau.  This  service  has  been  contin- 
uous on  the  larger  rivers  since  1892.  The  work  is  administered  and  the 
service  rendered  through  73  river  forecasting  districts  serving  nearly 
1,000  cities,  towns,  and  communities.  It  is  hoped  that  the  service  can 
ultimately  group  the  river  districts  by  major  river  basins  in  order 
more  effectively  to  coordinate  the  forecasting  procedure  between 
districts. 

The  service,  conducted  so  long  as  an  established  function  of  the 
Weather  Bureau,  is  not  spectacular  in  character  and  is  taken  by  the 
public  as  a  matter  of  course.  Its  difficulties  are  not  generally  realized. 
Inadequate  facilities  for  gathering  data  on  rainfall  and  stream  flow 
impose  an  undue  dependence  upon  the  personal  judgment  of  the  fore- 
caster; failure  of  communications  with  outlying  reporting  stations 
in  critical  periods  immeasurably  increases  the  difficulties  of  accurate 
prediction.  With  a  staff  designed  only  to  meet  the  routine  needs  of  the 
city,  the  Weather  Bureau  Office  in  Pittsburgh,  during  the  peak  of 
the  flood  of  March  1936,  answered  nearly  8,000  telephone  inquires 
in  1  day.  The  task  of  handling  such  inquiries,  together  with  tre- 
mendous pressure  for  advance  information  from  public  agencies 
and  private  industrial  interests,  creates  a  situation  far  from  conducive 
to  efficient  forecasting. 

The  factors  involved  in  the  typical  headwater  or  tributary  fore- 
casting problem  have  been  shown  in  figure  14.  The  collection  and 
assembly  of  these  data  require  a  network  of  observational  and  report- 
ing stations  of  varying  density  and  pattern  depending  largely  on 
the  physiographic  characteristics  of  the  region.  In  the  more  moun- 
tainous parts  of  the  country  the  network  is  limited  to  points  reached 
by  telegraph  or  telephone  lines  where  observer-reporters  are  available. 
Such  an  observer  is  usually  a  layman  to  whom  a  nominal  wage  is  paid. 
He  acts  under  a  carefully  prepared,  detailed  instruction  which  guides 
him  in  the  care  of  instruments  and  the  recording  of  data  and  fixes  the 
interval  of  reporting,  the  circumstances  under  which  reporting  shall 
begin,  and  the  primary  and  alternate  routing  of  messages  to  the  fore- 
casting center. 

Communication  systems,  both  public  and  private,  must  be  utilized 
to  the  fullest  in  gathering  flood-forecasting  data.  The  organized  use 
of  radio  amateurs  has  provided  security  against  wire-line  failure. 
Service-operated    radio    networks,    including    both    automatic    and 
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manual  transmission  types,  are  demonstrating  their  effectiveness  and 
dependability  in  several  parts  of  the  country. 

The  simplest  method  of  forecasting  is  that  based  upon  stage 
relations,  an  estimated  future  river  stage  at  any  point  being  reflected 
more  or  less  consistently  by  the  prevailing  stage  at  a  point  upstream. 
This  method  meets  conditions  on  the  lower  reaches  of  the  larger  rivers 
where  stage  relations  are  usually  stable  and  distances  are  sufficiently 
great  to  provide  time  for  action  after  the  forecasts  have  been  issued. 
The  limitations  of  the  method  when  applied  to  tributary  or  headwater 
streams  are  obvious.  Among  them  are  the  increasing  instability  of 
stream  flow  with  steepening  slope;  the  impossibility  of  accurately 
combining  converging  flows  expressed  in  terms  of  stage;  the  relatively 
short  concentration  period  characteristic  of  headwater  streams; 
and  the  difficulty  of  correcting  for  lateral  inflow  between  river  stations. 

Under  headwater  conditions  the  forecast,  to  be  at  all  effective, 
must  be  projected  from  the  time  of  falling  rain.  In  northern  latitudes 
and  in  the  West,  run-off  from  melting  snow  must  be  taken  into  account. 
Seasonal,  day-by-day,  and  even  hourly  changes  in  ground  surface  con- 
ditions, as  they  affect  the  infiltration  capacity  of  the  soil,  must  be 
evaluated. 

In  formulating  the  forecast,  there  is  need,  as  figure  14  indicates,  to 
anticipate  progressively  throughout  the  course  of  a  flood-producing 
storm  the  amount,  duration,  and  sequence  of  a  number  of  meteoro- 
logic  and  hydrologic  factors  and  their  combinations.  These  embrace 
the  hydrologic  cycle  from  the  embryo  storm,  in  the  form  of  converg- 
ing air  masses  of  critical  character  and  proportions,  through  rainfall 
and  run-off,  to  stream  flow.  With  limited  sources  of  data  and  equally 
limited  knowledge  of  the  formation  and  character  of  storms,  rain- 
fall cannot  now  be  forecast  quantitatively  with  great  accuracy  or 
consistency.  Full  use  can,  however,  be  made  of  existing  meteoro- 
logical and  aerological  services  as  outposts  against  the  unheralded 
approach  of  flood-producing  storms. 

The  stage  is  set  for  a  flood  during  the  period  preceding  that  of 
heaviest  rainfall,  when  conditions  develop  that  establish  the  degree 
of  imperviousness  of  the  ground  surface.  This  period  varies  with 
locality,  season,  and  the  nature  of  soil  and  cover.  During  the  summer 
months,  relatively  high  rates  of  evaporation  and  transpiration  result 
in  near-maximum  infiltration  capacities  of  the  soil.  The  flow  in  the 
smaller  streams  is  reduced  to  that  wholly  supplied  from  ground- 
water sources.  Under  these  conditions,  considerable  quantities  of 
rain  can  fall  without  creating  flows  of  flood  proportions. 

Preparing,  for  the  Danger  Season 

In  contrast  are  the  conditions  of  late  winter  and  early  spring.  A 
snow  mantle  of  high  water  content  may  cover  the  basin,  or  moderate 
but  prolonged  rains  may  have  reduced  the  infiltration  capacity  of  the 
soil  to  a  minimum.  Evaporation  is  usually  negligible  and  the  de- 
mands of  vegetation  low.  Under  these  conditions,  the  initial  flow 
in  the  streams,  being  fed  more  rapidly  from  the  raised  water  table, 
may  be  relatively  high. 

These  considerations  suggest  that  flows  from  selected  subbasins  can 
be  used  as  rim-off  indices  to  evaluate  surface  conditions  and  to  deter- 
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mine  the  amounts  of  rainfall  that  will  be  absorbed  by  the  land  through 
infiltration.  A  successful  forecasting  procedure  therefore  should 
include  a  systematic  means  of  assembling  at  the  forecasting  center 
throughout  the  possible  flood  season  a  day-by-day  evaluation  of  sur- 
face conditions  in  terms  of  stream  discharge  from  watersheds  selected 
as  typical  of  the  basin. 

As  winter  draws  to  a  close,  indications  of  the  approaching  flood 
season  become  apparent.  A  heavy  snow  mantle  may  envelop  the 
upper  portions  of  the  more  critical  flood-producing  tributary  basins 
and  show  a  tendency  to  release  large  quantities  of  run-off  water  with 
the  gradually  rising  temperature  typical  of  the  season.  Or  abnor- 
mally persistent  late-winter  rains  may  have  fallen  to  build  up  the 
ground-water  table  and  reduce  to  a  minimum  the  absorptive  capacity 
of  the  soil. 

At  the  forecasting  center  located  on  one  of  the  larger  rivers,  these 
developments  will  manifest  themselves  in  a  gradually  rising  water 
level  which  is  registered  at  the  gaging  station  located  on  the  bank  of 
the  river.  Advices  received  from  the  forecasters  at  stations  upstream 
will  become  the  basis  for  the  forecast  of  the  flood  crest.  Because  of 
the  tendency  for  floods  to  travel  more  slowly  in  the  larger  rivers,  the 
downstream  forecaster  will  have  opportunity  to  predetermine  his 
flood  peak  with  timeliness  and  precision. 

The  forecaster  at  the  headwater  station,  however,  does  not  enjoy 
the  same  degree  of  security  to  be  found  at  the  lower  river  station. 
At  the  former  there  are  only  a  comparatively  few  hours  between  the 
time  when  the  flood  crest  is  discernible  in  the  upper  reaches  of  the 
stream  and  its  arrival  at  the  city  or  town  for  which  the  forecasting 
service  is  rendered.  To  provide  adequate  preparation  for  an  im- 
pending flood,  the  headwater  forecaster  must  go  beyond  upstream 
river  stage  and  resort  to  rainfall  as  the  basis  for  his  forecast.  To 
fortify  himself  he  must  keep  in  close  touch  with  the  weather  forecaster, 
who  will  inform  him  of  changing  weather  conditions  and  will  advise 
him  of  the  amounts  of  rain  to  be  expected.  The  observers  attending 
rainfall-reporting  stations  have  been  instructed  to  acquaint  themselves 
with  conditions  of  snow  mantle  and  ground  surface  over  the  basin. 
With  the  beginning  of  heavy  rainfall  these  observers  report  by  tele- 
graph or  telephone  the  amount  of  rain  that  has  fallen  every  6  hours. 
The  forecaster  then  applies  his  forecasting  techniques,  which  take  into 
account  not  only  the  rainfall  but  the  infiltration  capacity  of  the  soil, 
the  run-off  to  be  expected  from  melting  snow,  and  the  physiographic 
characteristics  of  his  basin,  which  have  much  to  do  with  the  shape  of 
the  flood  hydrograph  (graph  showing  the  height  of  water  as  it  varies 
with  time)  and  the  rapidity  with  which  it  will  reach  a  peak. 

An  Example  of  Headwater  Forecasting 

Consider  as  an  example  the  forecast  center  that  has  the  responsi- 
bility of  issuing  forecasts  for  Millville,  W.  Va.,  on  the  Shenandoah 
River.  Figure  15  shows  graphically  the  sequence  of  events  asso- 
ciated with  the  storm  and  flood  of  January  29-February  3,  1939. 

Previously  determined  rainfall  and  stream-flow  relations  for  the 
basin  indicate  an  initial  run-off  coefficient  of  about  10  percent  (that 
is,  10  percent  of  the  rainfall  ran  off  into  the  stream).     The  increase 
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in  value  of  this  factor  as  the  storm  progressed  is  shown  in  the  figures. 
In  the  latter  stages  of  the  storm  75  percent  of  the  rain  that  fell  reached 
the  stream  as  surface  run-off. 

The  situation  as  portrayed  in  the  weather  map  for  7:30  a.  m., 
January  28,  pointed  to  an  outbreak  of  precipitation  in  the  west  Gulf 
area  moving  northeastward  toward  the  Appalachian  region. 

At  7:30  p.  m.  on  the  2Sth  there  were  indications  of  a  rapid  north- 
eastward movement  of  a  well-defined  tongue  of  moist  air  accompanied 
by  copious  rainfall. 

Another  area  of  cyclonic  action  becoming  evident  at  that  time  lay 
off  the  south  Atlantic  coast  and  was  producing  rainfall  in  the  Carolina's 
and  on  the  Georgia  coast. 

At  7:30  a.  m.,  January  29,  the  principal  area  of  precipitation  had 
entered  the  Appalachian  region.  Rains  continued  along  the  south 
Atlantic  coast.  The  outlook  then  indicated  the  threat  of  flood  and 
the  necessity  for  preparedness  at  the  forecasting  center. 

Weather  conditions  at  7:30  p.  m.  confirmed  the  forecaster's  judg- 
ment as  to  the  seriousness  of  the  situation,  warranted  a  call  for  general 
reporting  from  rainfall  stations  throughout  the  basin,  and  justified 
the  issuance  of  cautionary  warnings.  An  estimate  was  made  of  rain- 
fall to  be  expected  in  the  next  6-hour  period,  and  this  was  used  in  the 
preliminary  computation  of  flood  flow. 

The  material  in  the  hands  of  the  forecaster,  period  by  period,  is 
given  in  figure  15.  From  rainfall  up  to  7:30  a.  m.  of  the  30th  it  was 
possible  to  formulate  an  approximate  forecast  of  the  peak  stage.  This 
was  modified  from  data  received  at  the  end  of  the  rainfall  period, 
1:30  a.  m.,  January  31.  However,  at  7:30  a.  m.,  January  31,  the 
situation  was  complicated  by  a  region  of  cyclonic  action  which  was 
developing  over  the  Great  Basin  and  the  far  Southwest. 

At  7:30  p.  m.  of  January  31  the  further  development  and  movement 
of  this  secondary  disturbance  presented  a  potential  threat  to  the 
Appalachian  region,  particularly  since  it  followed  so  closely  an  appre- 
ciable rise  in  the  Shenandoah. 

The  rains  anticipated  on  January  31  had  materialized  over  the 
basin  by  the  morning  of  February  2.  the  greatest  amount  falling  be- 
tween 7:30  a.  m.  and  1:30  p.  m.  of  the  3d. 

It  can  be  seen  that  a  forecast  of  the  peak  stage  was  possible  at 
1:30  p.  m..  February  3.  approximately  40  hours  in  advance  of  the 
arrival  of  the  crest  at  Millville.  Six  hours  later,  at  7:30  p.  m..  Febru- 
ary 3.  after  rainfall  had  stopped,  this  forecast  was  confirmed  and  re- 
fined as  shown  in  figure  15,  affording  reasonable  opportunity  for  the 
evacuation  and  protection  of  low-lying  areas  in  the  vicinity  of  Millville. 

COMMUNITY  RESPONSIBILITY  IN  FLOOD 
PREPAREDNESS 

It  is  the  community's  task  through  concerted  public  action  to 
maintain  an  alert  awareness  of  the  flood  hazard  and  to  educate  the 
public  to  the  advantages  and  economies  of  flood  preparedness.  It  i< 
lie  community'-  responsibility  to  develop  well-organized  plans  for 
action  during  floods,  and  \\\\<  is  best  accomplished  through  pre- 
arranged cooperation  with  the  American  Red  Cross  and  the  Corps  of 
Engineers  of  the  United  States  Army. 
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"If  we  had  only  known  in  time  .  .  ."  "If  we  had  only  taken  ad- 
vantage of  the  warning  .  .  ."  are  heard  as  a  mournful  echo  after  each 
disastrous  flood. 

The  Weather  Bureau,  with  a  real  appreciation  of  the  limitations  of 
its  present  facilities,  has  set  about  to  so  improve  its  river-  and  flood- 
forecasting  service  as  to  remove  the  justification  for  the  first  of  these 
excuses,  which  is  admittedly  accountable  for  much  of  the  miseiy  and 
preventable  damage  following  in  the  wake  of  a  flood. 
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How  the  Dailv  Forecast 
is  Made 

Bj  IiTCHKLii.  and  H.  Wexclek  e 

MAKING  the  daily  weather  tart*:.--'  I  ■  highly  expert  job. 
Gradually  the  guesswork  and  the  art  have  been  reduced,  and  the 
process  has  become  more  and  more  scientific  To  show  how 
lone,  thie  article  takes  a  single  forecast  made  on  a  day  in 
March  1939.  gives  some  of  the  data  the  forecaster  had  available. 
and  tells  how  he  need  it  to  predict  what  the  weather  would  be 
during  the  next  day  over  an  area  covering  16  States.  This  par- 
ticular example  was  chosen  because  it  was  an 
though  it  may  not  ?e  i  the  general  reader. 
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The  forecasts  of  the  weather  to  be  expected  during  the  next  few 
days,  issued  daily  by  the  Weather  Bureau  of  the  United  States  and 
the  meteorological  services  of  other  countries,  are  made  on  the  basis 
of  the  fact  that  existing  weather  conditions  travel  constantly,  changing 
more  or  less  as  they  move.  By  making  observations  of  the  weather 
simultaneously  at  a  large  number  of  places  distributed  over  as  large  a 
part  of  the  earth's  surface  as  possible,  transmitting  them  immediately 
to  a  central  station,  and  there  preparing  from  them  a  map  showing 
the  existing  weather  over  a  particular  region,  it  is  possible  to  estimate 
how  these  existing  conditions  will  move  and  change  and  hence  what 
weather  will  be  experienced  in  different  areas  in  the  immediate  future. 

For  this  purpose  the  United  States  Weather  Bureau  maintains  about 
350  stations  distributed  over  the  country.  Observations  from  which 
to  prepare  maps  and  diagrams  of  many  different  kinds  are  taken 
simultaneously  at  these  stations,  and  in  addition  reports  are  received 
from  many  places  in  Canada,  Mexico,  Central  America,  and  the  West 
Indies,  from  scores  of  ships  at  sea,  from  islands  in  the  Pacific  and 
Atlantic  Oceans,  and  from  the  continents  of  Europe,  Asia,  and  Africa. 
The  data  that  are  collected  and  charted  include  not  only  information 
about  temperature,  barometric  pressure,  wind,  rain,  and  other  condi- 
tions at  the  surface  of  the  earth,  but  also  reports  obtained  from  sound- 
ings of  the  atmosphere  up  to  altitudes  of  several  miles  at  a  large  num- 
ber of  stations. 

This  organization  has  grown  from  small  beginnings  more  than  70 
years  ago,  when  the  Signal  Corps  of  the  United  States  Army  inaugu- 
rated a  meteorological  service  in  response  to  the  demand  created  by 
the  success  of  pioneer  efforts  on  the  part  of  Cleveland  Abbe  to  conduct 
such  a  service  at  the  Cincinnati  Observatory.  The  fact  that  weather 
conditions  travel  over  the  surface  of  the  earth  had  been  indicated 
more  than  a  hundred  years  earlier  by  Benjamin  Franklin's  discovery 
in  1743  that  a  storm  experienced  at  Philadelphia  in  September  of  that 
year  moved  eastward  across  the  country  and  was  confirmed  by  sub- 
sequent studies  on  the  part  of  many  investigators  during  the  eighteenth 
and  nineteenth  centuries. 

After  the  invention  of  the  electric  telegraph,  many  saw  the  possibil- 
ity of  forecasting  the  weather  by  the  obvious  and  simple  process  of 
telegraphing  ahead  what  was  coming.  The  synoptic  map  prepared 
from  observations  taken  simultaneously  at  a  network  of  stations  over 
a  large  region,  showing  the  weather  conditions  over  this  region  at  the 
time  of  the  observations,  was  introduced  early  in  the  nineteenth  cen- 
tury. Daily  telegraphic  maps  were  first  issued  in  the  United  States 
by  the  Smithsonian  Institution  beginning  in  1850,  only  5  years  after 
the  opening  of  the  first  commercial  telegraph  line.  France  first  issued 
daily  telegraphic  charts  regularly  in  1863,  and  other  countries  fol- 
lowed with  similar  maps  in  steady  succession. 

DEVELOPMENT   OF   UPPER-AIR   OBSERVATIONS 

During  recent  years  the  observing  network  has  been  enlarged,  and 
the  completeness  and  frequency  of  the  observations  have  steadily 
increased ;  in  particular  upper-air  data  from  aerological  soundings  have 
become  more  complete  and  more  quickly  available  for  current  daily  use. 
Long  before  weather  forecasting  was  undertaken,  upper-air  explora- 
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tion  had  begun.  In  1749  Alexander  Wilson,  of  Glasgow,  was  raising 
thermometers  on  kites.2  In  1784  John  Jeffries  and  the  aeronaut 
Blanehard  made  the  first  balloon  ascents  for  meteorological  purposes. 
Thereafter  progress  was  slow  until  1852,  when  John  Welsh,  of  Kew 
Observatory,  England,  made  balloon  ascents  to  7,000  meters  (over  4 
miles),  taking  observations  of  temperature,  pressure,  and  humidity. 
Between  1862  and  1866  James  Glaisher  carried  out  meteorological 
observations  in  a  series  of  historic  balloon  ascents. 

In  the  seventies  in  the  United  States  the  Signal  Corps  of  the  Army 
established  the  first  high-mountaintop  weather  observatories  on 
Mount  Washington,  N.  H.  (6,300  feet),  and  on  Pikes  Peak,  Colo. 
(14.100  feet).  The  continuous  observations  at  these  stations  when 
compared  with  similar  observations  at  nearby  lowland  or  valley 
stations  threw  a  good  deal  of  light  on  the  upper-air  structure  of 
storms,  which  had  previously  been  studied  from  surface  conditions 
alone.  The  observations  were  studied  more  zealously  by  the  Euro- 
pean meteorologists  than  by  the  American,  and  their  valuable  results 
led  to  the  establishment  of  a  large  number  of  mountain  observatories 
in  Europe.  Attempts  to  use  the  daily  telegraphed  reports  from  the 
mountain  stations  in  making  daily  forecasts  were  unsuccessful,  for 
the  reasons  that  an  adequate  working  hypothesis  as  to  the  relation  of 
upper-air  conditions  to  surface  weather  was  lacking  and  the  mountain- 
top  observations  were  not  truly  representative  of  the  free  atmosphere, 
owing  to  the  disturbing  influence  of  the  mountain  itself.  The  moun- 
tain observatories  in  this  country  were  therefore  closed,  but  active 
work  on  other  methods  of  procuring  upper-air  data  was  continued. 

As  an  indirect  means  of  determining  upper-air  motions,  classifica- 
tion of  the  forms  of  clouds  and  observations  of  their  movements 
were  industriously  carried  out  by  many  observers,  beginning  in  the 
early  nineteenth  century.  The  French  naturalist,  Lamarck,  in  1801, 
was  the  first  to  attempt  a  classification,  but  the  credit  of  classifying 
the  clouds  in  a  scientific  manner  belongs  to  Luke  Howard.  In  1803 
he  named  the  main  classes — cirrus,  stratus,  cumulus,  and  nimbus. 
Many  investigators  used  cloud  observations  in  determining  the 
courses  of  air  currents  aloft  and  the  relation  between  cloud  type  and 
ensuing  rain.  Clement  Ley's  cloud  studies  in  England  (1865-78) 
gave  the  first  adequate  description  of  the  upper  windflow  in  cyclones 
and  anticyclones.  In  this  country  the  most  elaborate  summary 
of  cloud  observations  was  made  by  Clayton  in  his  review  of  data  of 
the  Blue  Hill  Observatory  of  Harvard  University,  in  Massachusetts.3 
Clayton  found  that  while  cloud  types  gave  definite  warning  of  pre- 
cipititation  in  the  next  few  hours,  they  were  of  very  little  help  for 
longer  intervals. 

In  1893  the  first  recording  instruments,  or  meteorographs,  were 
sent  up  on  small  free  balloons  by  Hermite  and  Besancon  in  France. 
A  year  later  instruments  were  sent  up  in  box  kites  by  Rotch  and 
Fergusson  in  the  United  States.  Pressure,  temperature,  and  humidity 
were  recorded  by  pens  tracing  curves  on  a  sheet  of  paper  fastened 
to  a  drum  rotated  by  a  clock.  The  record  was  evaluated  after  the 
meteorograph   was    recovered.     Important    investigations    with    the 

1  Shaw.  Napier,  meteorology  rx  history.  In  Manual  of  Meteorology,  v.  1.  illus.  Cambridge.  Kne.- 
land.     1926. 

'  Clayton.  H.  Helm.  di.scussion  of  cloud  observations  at  blue  hill  observatory.  Harvard 
Univ.  A>rron.  Oh^erv.  Ann.  ».  [271|-V)0,  illus.     1896. 
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use  of  balloons  or  kites  were  made  later  by  Teisserenc  de  Bort  in  France, 
Assmann  in  Germany,  Dines  in  Scotland,  and  Clayton  in  the  United 
States. 

In  1909  Rotch,  at  Blue  Hill*  Observatory,  made  the  first  upper- 
wind  observations  by  means  of  a  theodolite  (a  telescope  mounted  so 
as  to  measure  horizontal  and  vertical  angles)  with  which  he  observed 
at  regular  intervals  the  elevation  and  horizontal  (azimuthal)  angles 
of  a  small  balloon,  called  a  pilot  balloon.  Knowing  the  rate  of  climb 
of  the  balloon,  its  horizontal  path  could  be  plotted  and  the  wind 
direction  and  velocities  at  various  heights  found.  Pilot-balloon 
observations  are  now  taken  several  times  daily  at  more  than  100 
stations  in  the  United  States. 

So  extensively  had  the  program  of  upper-air  research  developed 
before  the  World  War  that  18  countries  were  actively  participating 
in  this  type  of  work.  However,  for  various  reasons  the  data  obtained 
were  not  available  for  current  use  in  forecasting.  The  sounding 
balloon,  while  easy  to  use  and  capable  of  reaching  great  heights,  suf- 
fered from  the  disadvantage  that  the  record  often  could  not  be  recov- 
ered until  weeks  and  even  months  after  the  release.  The  kite  could  be 
released  only  under  certain  favorable  wind  and  weather  conditions, 
and  usually  reached  a  height  of  only  a  mile,  while  the  sounding 
took  several  hours  and  required  a  mass  of  cumbersome  equipment 
and  the  work  of  several  men.  Hence  the  upper-air  data  served  only 
for  statistical  investigations. 

The  rapid  development  of  the  airplane  during  the  World  War 
resulted  in  a  quick  and  easy  means  of  obtaining  observations  up  to 
2  or  3  miles;  and,  what  was  just  as  important,  the  detailed-forecast 
requirements  for  aircraft  operations  served  as  a  stimulus  to  the  use 
of  the  upper-air  data  in  forecasting. 

After  the  war  the  airplane  sounding  was  adopted  in  many  countries. 
In  the  United  States  the  Navy  had  already  made  such  soundings  as 
far  back  as  1917,  and  the  Weather  Bureau  in  cooperation  with  the 
Army  made  test  soundings  in  1918.  Airplane  soundings  were  made 
frequently  at  most  of  the  Naval  Air  Stations  in  the  1920's.  It  was 
not  until  1931,  however,  that  the  Weather  Bureau  began  to  replace 
the  kite  stations,  which  had  at  no  time  numbered  more  than  six,  by 
airplane  stations.  Four  such  stations  were  established  in  the  summer 
of  1931,  and  together  with  soundings  made  by  the  Navy  and  one  by 
the  Massachusetts  Institute  of  Technology  the  total  number  available 
was  about  a  dozen.  In  July  1934,  following  the  recommendations 
of  the  President's  Science  Advisory  Board,  Congress  authorized  an 
increase  in  the  number  of  Weather  Bureau  airplane  stations  and  the 
use  of  Army  planes  at  other  stations,  so  that  the  total  number  of  air- 
plane soundings — Weather  Bureau,  Navy,  Army,  and  Massachusetts 
Institute  of  Technology — available  for  daily  use  was  over  20.  The 
number  was  gradually  increased  to  about  30  in  1937. 

Despite  their  advantages  over  the  balloon  and  the  kite  soundings, 
the  airplane  soundings  were  expensive,  and  it  was  often  impossible 
to  take  them  during  periods  of  disturbed  weather,  when  they  would 
have  been  most  valuable.  The  latter  objection  applied  also  to  the 
pilot-balloon  soundings.  Consequently,  at  about  the  time  that  the 
extended  network  of  airplane  stations  was  being  established  in  the 
United  States,  research  was  being  actively  conducted  both  in  this 
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country  and  abroad  to  develop  a  radio-meteorograph — radiosonde — 
consisting  of  a  lightweight  meteorograph  and  radio  transmitter 
attached  to  a  small  balloon.  Each  of  the  three  meteorological 
elements,  pressure,  temperature,  and  relative  humidity,  is  measured 
by  the  meteorograph  and  indicated  by  radio  signals,  which  are  inter- 
cepted at  the  ground  by  a  radio  receiver.  The  radiosonde  observa- 
tions, besides  being  collected  at  the  ground  without  loss  of  time, 
have  the  added  value  of  being  less  expensive  than  airplane  soundings 
and  independent  of  bad  flying  weather,  and  they  can  be  obtained  at 
far  greater  heights. 

The  first  successful  radiosonde  ascent  was  made  before  1930  by  the 
Russian  meteorologist  Moltchanoff  at  Sloutsk,  near  Leningrad.  The 
first  one  in  this  country  was  made  by  Lange,  of  Blue  Hill  Observatory, 
in  1935.  Bureau  of  Standards  scientists  devised  a  radiosonde  that 
was  first  used  by  the  Navy  at  Washington,  D.  C,  in  1936  and  then 
at  Fairbanks,  Alaska,  during  some  special  investigations  of  polar 
weather  in  1937-38.  In  July  1938,  6  airplane  stations  of  the  Weather 
Bureau  network  changed  over  to  radiosondes.  Finally,  in  July  1939, 
all  of  the  Weather  Bureau  and  3  of  the  9  Navy  airplane  stations  were 
replaced  by  radiosonde  stations,  making  a  total  of  about  30  in  all. 

Meanwhile  the  purely  empirical  methods,  based  on  experience  alone, 
to  which  weather  forecasting,  as  developed  in  the  nineteenth  century, 
was  at  first  limited,  have  in  recent  years  been  supplemented  to  an  in- 
creasing extent  by  methods  based  on  an  understanding  and  an  explicit 
application  of  the  physical  laws  to  which  atmospheric  phenomena 
conform.  For  this  the  development  of  the  polar-front  theory,  de- 
scribed elsewhere  in  this  volume  (Rossby,  p.  599 ;  Reich  eld  erf  er,  p.  128), 
has  been  largely  responsible. 

MAKING  THE  DAILY  FORECAST 

The  object  in  weather  forecasting  is  to  provide  the  farmer,  the  city 
dweller,  the  shipper  of  perishable  goods,  the  railroads,  the  public 
utilities  such  as  gas,  electric,  and  street-transportation  companies, 
the  aviator,  and  the  owners  and  masters  of  all  types  of  vessels  from  fish- 
ing and  pleasure  craft  up  to  the  largest  passenger  liner,  and  all  others 
interested  in  the  weather,  with  as  accurate  weather  information  as 
possible  and  with  forecasts  as  far  ahead  as  practicable.  In  order  to 
do  this  it  is  necessary  for  the  forecaster  to  know  intimately  what 
changes  have  taken  place  in  the  weather  situation  for  the  last  day  or 
two.  When  he  has  become  well  acquainted  with  the  sequence  of  events 
and  weather  phenomena  as  shown  on  the  principal  weather  chart  and 
all  the  auxiliary  charts  and  graphs  that  are  prepared  regularly,  he  is 
ready  to  project  the  present  conditions  into  the  future  to  the  best  of 
his  ability  with  the  aid  of  every  scrap  of  information  that  will  give  a 
hint  as  to  what  will  take  place  within  the  next  12,  24,  36,  and  even 
48  hours. 

There  are  now  available  every  6  hours  detailed  observations  at  the 
surface  of  the  earth  from  hundreds  of  places  in  the  United  States, 
including  Alaska,  and  Canada,  and  from  Bermuda  and  scores  of  ships 
at  sea;  and  every  hour  from  most  of  the  stations  in  the  United  States 
and  southern  Canada  via  the  telegraphic  typewriter,  or  teletype.  In 
addition,  twice-daily  reports  are  received  from  parts  of  Mexico,  Cen- 
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tral  America,  the  West  Indies.  Greenland,  the  Azores.  Europe,  northern 
Africa.  China.  Japan.  Siberia,  the  Philippines.  Honolulu,  and  Midway. 
Wake,  and  a  few  other  islands  between  Honolulu  and  the  Philippines. 
The  data  from  a  large  number  of  stations  in  the  United  States, 
southern  Canada.  Mexico.  Central  America,  the  West  Indies,  and 
Bermuda  and  reports  from  ships  in  the  adjacent  waters  are  plotted  on 
a  single  sheet — the  principal  weather  chart — containing  an  outline 
map  of  this  area.  The  rest  of  the  reports  are  entered  on  a  chart  of  the 
Northern  Hemisphere  and  are  utilized  largely  in  the  preparation  of 
semiweekly  weather  outlooks.  In  preparing  the  daily  forecasts,  the 
surface  observations  are  supplemented,  as  previously  described,  with 
pilot-balloon  observations  now  made  at  nearly  100  stations  in  the 
United  States  and  at  a  few  stations  in  Alaska  and  southern  Canada 
and  with  the  observations  from  35  to  40  radiosonde  and  airplane 
stations  fairly  well  distributed  over  the  United  States  and  2  in  Alaska.4 

The  Principal  Weather  Chart 

The  data  entered  on  the  principal  weather  chart  enable  the  fore- 
caster to  locate  all  the  areas  of  low  barometric  pressure  (lows)  and 
of  high  pressure  highs  .  and  at  least  the  principal  fronts  (dividing 
lines  between  air  masses  of  different  origin,  density,  and  water-vapor 
content),  as  well  as  the  directions  and  rates  of  movement  of  the  centers 
of  the  highs  and  lows  and  of  the  fronts  since  they  first  made  their 
appearance  on  the  weather  chart.  He  sees  not  only  these  important 
features  of  the  map  but  also  the  type  of  weather  produced  by  them  at 
all  reporting  stations.  The  principal  items  that  indicate  the  current 
condition  are  the  temperature  and  the  dewpoint  the  temperature  at 
which  the  water  vapor  in  the  air  would  begin  to  condense  if  the  air 
were  cooled,  the  proportion  of  sky  covered  by  clouds,  and  the  occur- 
rence or  nonoccurrence  of  precipitation  at  each  station.  To  obtain 
an  idea  of  the  changes  or  movements,  the  3-hour  pressure  change 
entered  for  each  station  on  the  principal  chart  must  be  utilized. 
Other  data  and  information  entered  on  a  12-hour  pressure-change 
chart  prove  extremely  helpful  on  many  occasions. 

It  is  of  great  importance  in  forecasting  to  know  in  as  much  detail 
as  possible  the  vertical  structure  of  the  atmosphere,  especially  through 
the  first  2  or  3  miles  above  the  surface.  Attention  is  given  to  the 
direction  and  velocity  of  the  wind  at  the  different  stations  at  several 
levels  up  to  14.000  feet  above  sea  level,  as  plotted  on  the  pilot-balloon 
charts,  and  to  the  individual  plottings  of  both  airplane  and  radiosonde 
observations,  especially  those  in  areas  as  shown  on  the  principal 
weather  chart)  where  important  developments  are  occurring  or  are 
likely  to  occur.  Meanwhile,  specialists  in  interpretation  of  upper-air 
data  have  drawn  cross  sections  of  the  atmosphere  to  a  height  of  5 
kilometers  about  3  miles  or  more  and  charts  and  diagrams  showing 
the  physical  state  of  the  atmosphere. 

Close  attention  is  also  given  to  cloud  observations  from  a  very 
number  of  stations,  as  entered  on  a  cloud  chart  not  here  repro- 
duced .  Lower  clouds  'such  as  stratus,  strato-cumulus.  cumulus,  and 
cumulo-nimbus  .  the  intermediate  clouds  (alto-stratus,  alto-cumulus. 

number  in  Alaska  was  increased  to  7  late  in  1940;  and  on  April  1,  1941,  all  radiosonde  stations  in  the 
United  States  began  making  2  observations  each  day,  at  1  a.  m.  and  1  p.  m.,  eastern  standard  time. 


Hon  ike  JhiHv  Forecast  Is  Made     • 

and  cirro-cumulus },  and  the  high  clouds  (cirrus  and  cirro-stratus)  are 
entered  so  as  to  indicate  the  direction  of  movement  and  the  amount  of 

sky  covered  by  each  type.     The  low  clouds  are  entered  in  blue  pencil 

and  the  intermediate  and  high  clouds  in  red  pencil.     Of  all  typ 
cloud  the  alto-stratus,   intermediate   in  height,   is   by  far  the  most 
important,  bo  -  the  so-called  warm  front  (or 

up-glide)  action  of  moist  air  that  has  reached  the  condensation  level, 
and  from  these  clouds  all  of  our  long-continued  ligh  derate 

precipitation  con    - 

Conclusions  are  drawn  from  careful  consideration  of  the  several 
charts  and  diagrams  referred  to  and  are  checked  and  rechecked  with 
each  other:  and  if  there  appears  t  onflict  between  the  deter- 

minations from  different  charts,  a  quick  decision  must  be  made 
which  will  be  accepted.     Having  accomplished  all  of  this  in  as  sy~ 
atic  and  complete  a  manner  as  possible  in  the  short  time  available  for 
ad  having  made  computations  as  to  the  rate  and  direc- 
<>f  movement  of  the  fronts  and  the  troughs  of  low  pressure,  the 

-  :    is  ready  to   begin  dictating  State  forecasts,   forecasts  for 
al  waters,  and  a  creiieral  forecast,  and  in  addition  a  summary  of 

weather  conditions  during  the  past   24  hours.     In  the  foi 
attempt  is  made  to  indicate  the  state  of  the  sky  as  to  amount  of 
cloudiness    (fair,    increasing    cloudiness,    mostly    cloudy,    etc.);    the 
occurrence  of  precipitation  a  dw,  showers,  etc.  | ;  and  any  change- 

of  importance  in  temperature  (warmer,  colder,  much  colder,  el 
no  material  change  u.  Hire  is  likely,  the  terms  "little  cl 

in  temperature*'  or  "not  much  change  in  temperature"'  are  used). 

An  Example  of  a  Daily  Forecast 

In  order  to  show,  in  as  much  detail  as  practicable,  the  various 
steps  leading  up  to  the  actual  making  of  weather  forecasts  from 
synoptic  charts  and  the  type  of  reasoning  involved  in  making  the 
forecasts,  the  weather  situation  at  1  m.,  eastern  standard  time, 

on  March  29.  1939.  has  been  selected.  Most  of  the  charts  and  dia- 
grams, actually  made  and  utilized  in  analysis  and  prognosis  (fore- 
casting) are  here  reproduc 

The  map  selected  is  one  without  important  complication-;  it  is 
what  is  called  an  '"easy"  map  from  which  to  make  forecasts  that  will 
verify  well.  It  should  not  be  inferred  that  map  analysis  and  prognosis 
can  be  accomplished  quickly  and  u  >rily  in  all  cases  even  B 

experienced  forecaster;  the  actions  and  interactions  of  the  air  masses 
are  so  complicated  and  the  changes  that  occur  in  them  over  very 
large  areas  are  so  involved  that  the  weather  for  a  small  i 
State  cannot  now  (and  probably  never  will)  be  predicted  with  100- 
percent  accuracy  in  complica*  situations  for  more  than  a 
few   hours  ahead.      But   very   complicated   weather  situations   would 

be  suitable  for  illustration  and  explanation  to  those  who  ai 
trained  synoptic  meteorol 

All   weather  re{>  _rraph.   radio,   or  r-able  are  in 

code.     Formerly  a  word  c  but  now  they  are  mostly  in  a 

numeral   c  -age  consisting  of  s«  a  :    five 

-  each.     Report-  received    by   teletype   are  either   in  numeral 
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code  or  in  symbols  and  figures.  As  the  reports  are  received  at  the 
district  forecast  center  they  are  immediately  translated  by  a  man  who 
is  an  expert  in  such  work,  and  a  l 'chart  man"  enters  on  each  chart 
the  data  required.  Translation  begins  about  7:40  a.  m.  and  7:40 
p.  m.  and  is  usually  stopped  about  9:15,  so  that  the  forecaster  can 
complete  his  analysis  of  the  map  and  prepare  to  begin  forecasting 
at  9:30  or  shortly  thereafter.  The  forecasts  are  completed  and  dic- 
tated within  a  few  minutes  and  are  immediately  telegraphed  to  the 
Weather  Bureau  stations  in  the  States  for  which  they  have  been 
made.  Copies  are  furnished  to  press  associations  and  newspapers 
without  delay. 

Description  of  Charts 

The  Principal  (Surface)  Weather  Map. — The  principal  weather  chart 
for  7:30  a.  m.,  March  29,  1939,  is  reproduced  in  figure  1;  it  shows 
weather  conditions  at  the  surface.  No  names  of  places  are  printed 
on  the  base  map  for  the  United  States;  the  chart  men  must  be  able  to 
enter  data  instantly  for  each  station,  which  is  identified  only  by  a 
circle  at  the  proper  location.  Since  July  1,  1939,  the  stations  have 
been  identified  either  by  a  group  of  three  figures  or  by  a  two-  or  three- 
letter  designation,  both  in  the  coded  reports  and  on  the  maps.  The 
following  data  for  each  station  are  entered  on  this  chart,  but  not  all 
are  reproduced  in  figure  1 : 

1.  State  of  weather  (amount  of  cloudiness,  rain,  snow,  etc.). 

2.  Direction  and  force  of  wind  (Beaufort  scale). 

3.  Temperature  and  dew  point. 

4.  The  barometric  pressure  reduced  to  the  value  it  would  have  at 
sea  level  (in  millibars 6  and  tenths) . 

5.  Pressure  tendency  and  amount  of  change  during  last  3  hours. 

6.  Amount  of  rain  or  melted  snow  in  inches  and  hundredths  during 
last  12  hours. 

7.  Miscellaneous  data,  such  as  thunderstorms,  fog,  and  frost. 
Long  before  the  translation  of  all  the  reports  is  completed,  the 

forecaster  begins  to  analyze  the  map;  he  draws  as  many  isobars — 
lines  connecting  places  of  equal  pressure — as  possible  with  the  incom- 
plete entry  of  data,  finishing  this  work  after  the  translation  has  been 
completed  or  stopped.  In  order  to  analyze  a  weather  map  correctly 
and  without  loss  of  time,  it  is  necessary  to  refer  to  the  completely 
analyzed  maps  of  6  or  12  hours  before;  with  the  air  masses  properly 
identified  and  the  fronts  properly  placed  on  these  previous  maps,  the 
analysis  of  the  current  map  is  greatly  facilitated 

There  are  two  important  sets  of  lines  in  figure  1.  The  lines  in 
black  pencil  on  the  original  chart  are  the  isobars,  which  are  drawn  for 
each  3  millibars,  or  approximately  0.09  of  an  inch,  difference  in  pres- 
sure. The  lines  separating  air  masses  are  the  fronts;  on  the  original 
chart  the  cold  fronts  are  drawn  in  blue  pencil,  the  warm  fronts  in 
red,  and  the  occluded  fronts  in  purple.  When  the  movements  of  the 
air  currents  are  such  that  colder  air  is  advancing  over  regions  occu- 
pied by  warmer  air,  the  front,  or  discontinuity,  between  the  two  air 
masses  is  called  a  cold  front;  if  warmer  air  is  advancing  into  regions 

J  A  millibar  is  Mooo  of  the  pressure  that  would  be  exerted  per  unit  area  by  a  column  of  mercury  29.631 
inches  high  at  32°  F.  in  latitude  45°;  it  is  a  force  of  1,000  dynes  per  square  centimeter. 
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occupied  by  colder  air,  the  discontinuity  is  called  a  warm  front;  the 
discontinuity  formed  when  a  cold  front  overtakes  a  warm  front  and 
displaces  the  warm  air  formerly  between  them  to  a  higher  level  is 
known  as  an  occluded  front.  The  air  masses  are  classified  into  tropi- 
cal and  polar,  according  to  their  place  of  origin.  Each  of  these  is 
further  subdivided  into  continental  and  maritime,  according  to 
whether  the  source  region  was  over  land  or  ocean,  and  still  further 
subdivided  according  to  whether  they  are  warmer  or  colder  than  the 
surface  over  which  they  are  flowing.  These  characteristics  are  indi- 
cated by  symbols  to  designate  the  different  types;  thus  the  symbol  mTk 
means  air  of  maritime  (m)  tropical  (T)  origin  and  colder  (k)  than  the 
surface  over  which  it  is  moving;  cPk  is  air  of  continental  (c)  polar  (P) 
origin,  colder  (k)  than  the  surface  over  which  it  is  moving;  and  mPk 
is  air  of  maritime  polar  origin,  colder  than  the  surface  over  which  it 
is  moving. 

The  portion  of  the  front  on  this  map  that  extends  from  near  the 
mouth  of  the  Rio  Grande  to  eastern  Arkansas  is  a  cold  front,  and  it 
separates  the  air  of  tropical  origin,  labeled  mTk,  from  the  air  of  con- 
tinental polar  origin,  labeled  cPk.  Examination  of  the  temperature 
and  wind  data  for  the  stations  in  the  tropical  air  shows  temperatures 
of  66°  to  72°  F.,  and  dew-point  temperatures  of  64°  to  70°,  with  winds 
from  a  southerly  direction.  This  air  must  have  moved  over  a  body  of 
warm  water  for  a  considerable  period  of  time  in  order  to  have  picked 
up  sufficient  moisture  to  raise  the  temperature  of  the  dew  point  to  these 
high  values.  Immediately  to  the  west  of  this  front  both  the  air  tem- 
perature and  the  dew  point  rapidly  fall  off  through  the  50 's  and  40 's 
with  a  temperature  reading  of  36°  reported  from  Oklahoma  City. 
Since  this  air  mass  to  the  west  has  undoubtedly  come  originally  from 
a  far-northern  region,  it  is  called  polar  air,  and  having  moved  south- 
ward from  northern  Canada,  as  its  previous  history  showed,  it  is 
labeled  cPk.  As  long  as  the  cold  air  advances  (usually  in  a  southerly 
or  easterly  direction),  the  boundary,  or  line  of  discontinuity,  between 
it  and  the  warmer  air  ahead  is  called  a  cold  front. 

Attention  is  now  turned  to  the  part  of  the  frontal  system  that  extends 
from  the  center  of  the  wave  disturbance  over  Arkansas  southeastward 
to  the  extreme  southern  portion  of  Georgia,  thence  eastward  for  about 
500  miles,  and  thereafter  northeastward  over  the  Atlantic  Ocean. 
As  is  usually  the  case  with  a  cold  front  of  great  length,  wave  disturb- 
ances have  developed.  One  is  here  shown  northwest  of  the  island  of 
Bermuda,  and  another  and  more  important  one  south  of  Newfound- 
land. It  will  be  noted  that  the  entire  air  mass  south  of  this  front  is 
labeled  mTk,  being  of  tropical  or  subtropical  origin,  and  the  air  masses 
to  the  north  of  the  front  are  labeled  cPk  and  mPk,  both  being  of  polar 
origin  but  the  latter  having  a  trajectory,  or  path  of  movement,  that 
took  it  over  the  ocean  for  several  hundred  miles,  where  the  air  gradually 
became  warmer  and  more  moist. 

The  entire  front  is  called  a  cold  front,  except  the  portion  extending 
from  Arkansas  to  extreme  southwestern  Georgia  and  other  portions 
over  the  ocean  to  the  northeast  or  east  of  the  wave  disturbances;  these 
parts  of  the  front  are  called  warm  fronts  because  the  warm  air  to  the 
south  is  advancing  northward  at  the  surface  while  the  cold  air  is 
retreating.  The  area  within  the  "wave"  portion  of  the  front  is  called 
the  warm  sector.     The  waves  move  along  the  front,  usually  developing 
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into  wave  disturbances  with  closed  isobars — that  is,  into  systems  in 
which  a  wind  circulation  has  been  set  up  around  a  center.  As  a  rule 
the  cold  front  to  the  southwest  or  west  of  a  disturbance  moves  faster 
than  the  warm  front  and  eventually  overtakes  it  east  or  southeast  of 
the  center.  When  this  happens  the  disturbance  becomes  occluded, 
and  the  warm  sector  gradually  disappears,  the  warm  air  being  forced 
upward  over  the  colder  air.  When  the  supply  of  moist  air  is  greatly 
lessened,  or  even  cut  off,  by  the  occlusion  process,  there  is  much  less 
condensation  and  lighter  precipitation,  and  hence  less  energy  for 
maintaining  the  disturbance;  in  most  cases  it  moves  more  slowly  and 
loses  intensity. 

Ordinarily,  fair  weather  with  little  or  no  cloudiness  is  expected  at  and 
around  the  center  of  a  high-pressure  area  (H),  especially  to  the  east  of 
a  line  drawn  north-south  through  its  center,  because  over  this  area 
the  air  is  of  polar  origin  and  not  only  was  rather  dry  originally  but  is 
further  dried  because  it  is  descending  and  becoming  warmer  by  com- 
pression. The  opposite  process  is  involved  ahead  of  moving  disturb- 
ances (lows  or  cyclones)  and  behind  moving  highs  (anticyclones). 
There,  air  is  ascending,  as  it  usually  moves  up  the  warm-front  surface. 
Near  the  low  a  more  violent  upward  motion  occurs,  caused  by  the 
advancing  cold  front.  In  its  ascent  the  air  is  cooled  because  of  expan- 
sion due  to  gradually  lessened  pressure.  As  soon  as  the  condensation 
level  is  reached,  the  formerly  invisible  water  vapor  begins  to  condense 
into  visible  droplets,  and  clouds  begin  to  form.  When  there  is  suffi- 
cient moisture  in  the  air  and  the  lifting  of  the  air  mass  continues, 
especially  if  it  is  of  tropical  origin,  precipitation  occurs,  and  rain  or 
snow  will  reach  the  ground  unless  the  precipitation  is  light  and  the 
air  sufficiently  dry  to  cause  it  to  evaporate  before  it  reaches  the  ground. 

On  the  surface  map  of  7:30  a.  m.,  March  29,  1939,  the  weather  is  clear 
or  is  characterized  by  scattered  high  clouds  of  the  cirrus  type  at 
most  stations  not  only  near  and  east  of  the  north-south  axis  of  the 
high  centered  near  Lake  Ontario  but  also  west  of  the  high  center  over 
the  northern  border  States.  Cloudiness  has  already  set  in  over  Ohio, 
southwestern  Pennsylvania,  and  the  western  portions  of  Maryland 
and  Virginia.  Here  the  clouds  observed  are  alto-cumulus  and  alto- 
stratus;  and  from  these  States  to  the  center  of  the  disturbance  over 
Arkansas  the  sky  is  completely  overcast  with  alto-stratus  clouds  from 
which  precipitation  is  beginning  to  occur  in  Indiana  and  Kentucky, 
where  also  low  clouds  of  tin4  stratus  type  are  observed.  To  the  rear  of 
the  cold  front  the  sky  is  overcast  with  low  clouds  over  Texas  and 
Oklahoma,  and  some  light  or  drizzling  rain  is  falling. 

The  Upper-Air  Maps. — Turning  to  the  upper-air  data,  one  of  the 
first  things  to  be  noted  in  looking  at  the  10,000-foot  (3-kilometer) 
pilot-balloon  map  for  the  morning  of  March  29,  1939  (fig.  2),  is  the 
change  in  wind  circulation  as  compared  with  the  sea  level  map  and  the 
displacement  or  disappearance  of  the  centers  of  high  pressure  and  low 
pressure.  The  arrows  on  the  chart  fly  with  the  wind,  and  the  number 
of  half  feathers  represents  the  wind  velocity  in  the  Beaufort  scale, 
which  uses  numbers  from  0  to  12;  the  temperature  (centigrade)  and 
the  pressure  in  millibars  are  entered  for  airplane  or  radiosonde  sta- 
tions on  the  6,000-,  10,000-,  and  14,000-foot  maps.  (Of  these  three, 
only  the  10, 000-foot  map  is  given  here.)  In  addition,  pressures  for 
stations  at  high  elevations  in  the  West  are  entered  on  the  6,000-foot 
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Figure  2. — Chart  showing  upper-air  data  at  10,000  feet  above  sea  level  as  gathered  by 
pilot  balloon  for  the  morning  of  March  29,  1939. 

map.  Pressures  for  5,000  feet  above  sea  level,  entered  on  the  6,000- 
foot  map,  range  from  842  to  850  millibars,  and  those  for  10,000  feet 
range  from  690  to  705  millibars.  On  the  principal  map  (fig.  1)  they 
range  from  1005.1  to  1031.5  millibars.  Isobars  on  upper-air  maps  are 
drawn  for  the  same  interval  (3  millibars)  as  on  the  surface  map.  In 
the  free  air  the  wind  blows  very  nearly  parallel  to  the  isobars,  so  that 
if  changes  in  the  pressure  field  24  hours  ahead  can  be  roughly  approxi- 
mated, both  the  direction  and  speed  of  the  air  movement  aloft  can  be 
estimated  with  sufficient  accuracy  to  be  of  much  value  in  forecasting. 
It  will  be  noted  that  the  low  center  at  the  surface  in  Arkansas  is 
displaced  to  the  northwest  at  higher  levels.  On  the  6,000-foot  map 
it  is  some  distance  northwest  of  the  surface  center;  and  the  10,000-  and 
14,000-foot  maps  show  a  further  displacement  northwestward.  When 
a  disturbance  is  moving  eastward  or  northeastward  at  a  more  or  less 
normal  rate,  the  coldest  average  temperature  of  the  air  column  in  the 
lower  layers  is  usually  northwest  of  the  low  center;  since  this  air  is  more 
dense  and  therefore  heavier  than  the  surrounding  air,  there  is  a  more 
rapid  decrease  in  pressure  with  altitude  than  over  adjacent  areas,  so 
that  the  lowest  pressure  at,  say,  5,000  feet  above  sea  level  is  over  this 
dense  air  to  the  northwest  of  the  surface  center.  This  pressure  effect 
is  still  evident  in  many  cases  at  10,000  feet  or  higher,  usually  being 
manifest,  not  as  a  distinct  cyclonic  center,  but  as  a  trough  in  the 
isobaric  pattern  farther  to  the  west  and  northwest  than  the  center, 
either  at  the  surface  or  at  6,000  feet.  In  old  occluded  lows,  however, 
the  cold  air  moves  around  the  center  even  up  to  high  levels,  the  warm 
sector  having  disappeared  altogether,  so  that  the  lowest  pressure  and 
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more  or  less  circular  isobars  are  found  over  approximately  the  same 
area  up  to  4  miles  or  more  above  sea  level. 

As  for  highs,  they  rapidly  disappear  with  height  when  they  are 
moving  cold  highs,  as  in  this  case,  and  a  short  distance  aloft  the  wester- 
lies appear.  The  dome  of  polar  ah*  accompanying  this  high  is  sub- 
siding, resulting  in  descent  of  air  from  aloft  and  a  marked  temperature 
inversion  (increase  of  temperature  with  height)  near  the  ground  above 
the  thin  layer  of  air  cooled  excessively  at  night  by  radiation;  in  many 
instances  the  temperature  actually  rises  many  degrees  in  the  first  few 
hundred  feet  of  ascent.  Winds  blow  from  some  westerly  direction, 
as  a  rule,  when  well  above  these  highs;  and  the  highest  pressure  aloft 
may  be  found  far  to  the  south,  as  is  indicated  on  the  14.000-foot  map 
of  March  29. 

In  addition  to  the  ah*  temperature  and  dew  point  at  each  reporting 
station,  we  now  have  a  fairly  good  picture  of  the  distribution  of  pres- 
sure and  of  wind  direction  and  velocity  up  to  14.000  feet  above  sea 
level,  from  the  surface  map  and  the  upper-air  maps.  Also  entered, 
on  the  cloud  chart  (not  shown)  for  each  station,  are  the  types  and 
directions  of  movement  of  clouds  observed ;  the  heavily  shaded  areas 
on  the  principal  weather  chart  show  where  active  precipitation  is  oc- 
curring at  the  time  of  observation,  and  the  lightly  shaded  areas  show 
the  extent  of  the  alto-stratus  cloud. 

The  Isentropic  Chart. — One  of  the  auxiliary  charts  most  recently 
developed  is  known  as  an  insentropic  chart.  Instead  of  showing 
meteorological  conditions  over  a  surface  at  a  given  height  above  sea 
level,  it  shows  conditions  at  each  point  at  a  height  where  the  so-called 
potential  temperature  has  a  given  selected  value.  The  potenital 
temperature  is  the  temperature  to  which  air  would  come,  as  a  result 
of  compression  or  expansion,  if  the  pressure  were  changed  from  its 
actual  value  to  1.000  millibars  without  any  heat  being  communicated 
to  the  air  or  lost  by  the  air.  A  surface  over  which  the  potential 
temperature  has  the  same  value  everywhere  is  called  an  isentropic 
surface;  and  the  isentropic  chart  is  a  map  of  conditions  over  such  a 
surface.  In  meteorological  work  the  potential  temperature  is  meas- 
ured on  a  thermometric  scale  in  which  the  freezing  point  of  water 
under  standard  conditions  is  marked  273°  (instead  of  32°  as  on  the 
Fahrenheit  scale,  or  0°  as  on  the  centigrade  scale)  and  the  boiling 
point  is  marked  373°:  this  scale  is  called  the  absolute  temperature 
scale.6  Figure  3  is  a  map  of  the  meteorological  conditions  on  the 
isentropic  surface  over  which  the  potential  temperature  is  evervwhere 
301°  Abs. 

The  observations  from  which  figure  3  was  drawn  were  obtained  3M 
hours  before  those  used  in  the  surface  map.  Alone:  the  front  over  the 
Atlantic  Ocean,  the  contour  lines  of  the  height  of  the  isentropic  sur- 
face, as  well  as  the  moisture  lines,  show  a  maximum  gradient,  or  rate 
of  decrease,  as  would  be  expected  in  the  neighborhood  of  a  front. 
Southeast  of  Newfoundland,  where  the  first  disturbance  (area  of  low 
pressure)  is  located,  there  is  a  northward  bulge  of  the  moisture  lines 
relative  to  the  contour  line,  and  a  similar  pictui  for  the  minor 

wave  disturbance  east  of  tin*  Virginia  Tapes.     In  both  disturbs 
condensation  areas  are  indicated  by  the  line-  intersecting  the  isobars, 
and  the  surface  reports  indicate  precipitation  at  these  localities. 

*  Absolute  zero — the  complete  absence  of  heat— is  —273°  F. 
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Over  the  Southeastern  States  there  is  seen  an  "island"  of  dry  air 
which  has  been  cut  off  from  its  northern  source  by  a  moist  current. 
Clear  weather  is  associated  with  this  dry  island,  and  a  portion  of  it  is 
moving  toward  the  southeast,  evidently  with  down-slope  motion, 
while  another  portion  is  flowing:  to  the  northeast  and  merging  with 
the  moist  current  moving  up  the  Mississippi  Valley;  this  latter 
(moist)  current  branches,  that  is,  splits  into  two  currents,  one  moving 
to  the  east  in  the  form  of  a  narrow  tongue  and  the  other  to  the  west. 
Owing  to  the  high  moisture  content  of  this  air  and  the  steep  northerly 
slope  of  the  surface,  condensation  is  soon  reached  and  is  indicated  by 
the  shaded  region.  Note  how  this  corresponds  to  the  alto-stratus 
cloud  and  precipitation  areas  on  the  sea  level  map  (fig.  1).  In  the 
west  over  Texas  is  shown  a  dry  current  cutting  into  the  moist  current, 
and  this  is  responsible  for  the  ending  of  the  significant  precipitation 
over  Texas  and  Oklahoma.  The  drizzle  occurring  over  these  States 
is  falling  out  of  low-lying  stratus  clouds,  as  the  Oklahoma  City  sound- 
ing shows. 

The  Cross-Section  Charts. — In  figures  4  and  5  are  shown  two  cross 
sections  through  the  disturbance  over  the  Midwest.  One  (fig.  4)  is  a 
north-south  section  from  Sault  Ste.  Marie,  Mich.,  to  Pensacola,  Fla., 
showing  very  clearly  the  section  of  the  sloping  warm  front  that  is  found 
at  the  surface  south  of  Nashville,  Tenn. ;  the  front  is  located  about  500 
meters  (1,500  feet)  above  the  ground  at  this  station,  as  shown  by  the 
change  in  the  wind  from  easterly  at  the  ground  to  southerly  above,  and 
by  the  increase  in  temperature  from  9°  to  13°  C.  and  in  specific 
humidity  (weight  of  water  vapor  in  unit  weight  of  the  air)  from  61. 
to  8.6  grams  of  water  per  kilogram  of  air.  At  Chicago  this  front  is 
identified  by  similar  changes  in  the  vertical  distribution  of  temperature 
and  humidity,  and  this  is  true  to  a  less  marked  degree  at  Sault  Ste. 
Marie.  Note  how  at  all  three  stations  the  front  is  characterized  by  a 
constant  potential  temperature  of  about  293°  Abs. 

The  second  section  (fig.  5)  goes  from  El  Paso,  Tex.,  to  Lakehurst, 
N.  J.,  and  passes  just  north  of  the  center  of  the  low.  No  tropical  air  is 
found  at  the  ground  in  this  section,  but  the  trough  of  low  pressure  in  the 
frontal  surface  coincides  with  the  position  of  the  surface  cyclone. 
The  slope  of  the  warm  front  from  Nashville  to  Lakehurst  is  much 
less  steep  than  that  in  the  north-south  section,  and  this  is  one  factor 
responsible  for  the  lack  of  precipitation  in  this  area. 

The  Pressure-Change  Chart. — On  the  12-hour  pressure-change  chart 
(not  here  reproduced)  the  sea  level  pressure  is  entered  below  the 
circle  representing  a  station,  and  above  this  entry  is  written  the  change 
in  pressure  during  the  last  12  hours,  corrected  for  the  normal  daily 
range.  Except  for  some  stations  located  along  the  coast,  the  barome- 
ter normally  reads  from  1  to  3  millibars  higher  at  7:30  a.  m.  than  at 
7:30  p.  m.,  and  this  normal  change,  having  nothing  to  do  with  weather 
conditions,  is  eliminated;  the  remainder  of  the  changes  are  due  to  the 
horizontal  movement  (advection)  of  air  masses  of  differing  density 
and  to  other  physical  or  dynamical  processes  that  increase  or  decrease 
the  total  weight  of  the  air  column  up  to  the  upper  limits  of  the  atmos- 
phere. There  is  also  entered  for  each  station  the  net  amount  of  the 
change  (increase  or  decrease)  in  atmospheric  pressure  during  the  '.\ 
hours  preceding  the  observation  taken  from  the  barograph,   together 
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Figure  4. — Cross  section  through  the  disturbance  over  the  Midwest,  March  29,  1939, 
from  Sault  Me.  Marie,  Mich.,  to  Pensacola.  Fla. 
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Figure  5. — Cross  section  through  the  storm  of  March  29,  1939,  from  El  Paso,  Tex.,  to 

Lakehurst,  N.  J. 
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with  a  slanting  line  indicating  the  slope  of  the  trace  on  the  barograph 
during  this  period. 

The  actual  pressure  and  the  amounts  of  abnormal  change  are 
entered  in  pencil  on  this  chart,  while  for  purposes  of  quick  appraisal, 
the  upward  tendencies  and  slants  are  in  red  pencil  and  the  down- 
ward tendencies  and  slants  in  blue  pencil.  Heavy  blue  lines  are 
drawn  separating  areas  on  the  map  showing  12-hour  increases  in 
pressure  from  areas  showing  decreases.  If  these  increases  or  decreases 
amount  to  3  millibars  or  more,  lighter  lines  are  drawn  (in  red  for 
increase  and  in  blue  for  decreased  for  each  3  millibars.  On  this  par- 
ticular map  the  greatest  change  both  upward  and  downward  is  9 
millibars:  therefore  two  light  lines  surround  the  station  or  stations 
with  a  change  of  9  millibars,  and  the  amount  of  this  greatest  change 
is  entered  in  large  figures  in  the  appropriate  color  and  preceded  by  a 
minus  or  plus  sign,  making  this  important  feature  stand  out  for  quick 
inspection  and  appraisal.  Where  the  3-hour  pressure  tendency  ex- 
ceeds 1.5  millibars,  a  green  dashed  line  is  drawn  around  the  area  with 
1.5  millibars  or  more  change,  and  other  dashed  lines  for  multiples  of 
1.0,4.5,  6.0,  etc.).  These  dashed  green  lines  are  called  isallobars 
and  the  areas  within  them  are  often  called  isallobaric  lows  or  isallo- 
baric  highs,  as  the  case  may  be.  An  area  of  12-hour  pressure  fall  is 
called  a  katallobar,  while  an  area  of  12-hour  pressure  rise  is  called  an 
anallobar.  These  isallobaric  lows  and  highs,  as  well  as  katallobars 
and  anallobars.  are  all  very  important  in  projecting  weather  into  the 
future,  and  especially  in  predicting  the  pattern  of  the  weather  maps 
12,  24,  36.  and  even  4S  hours  ahead.  If  the  forecaster  knows  what 
the  pressure  distribution  will  be  on  future  maps  he  will  be  able  to 
forecast  with  a  high  degree  of  accuracy,  provided  he  has  made  a 
correct  analysis  of  the  current  map  and  upper-air  data. 

Preparing  the  Farm 

After  the  analysis  of  surface  maps  and  upper-air  maps  and  dia- 
grams has  been  completed,  the  preparation  of  forecasts  is  begun.  The 
first  and  one  of  the  principal  preliminary  steps  is  the  determination, 
as  accurately  as  the  data  permit,  of  the  location  24  hours  hence  of 
the  centers  of  the  highs  and  lows,  the  positions  of  the  fronts  ''especially 
the  cold  fronts\  and  of  the  troughs  of  low  pressure  without  fronts. 
In  many  cases  a  fairly  satisfactory  estimate  of  the  direction  and  rate 
of  movement  may  be  made  by  simply  measuring  the  movement  dur- 
ing the  last  12  or  24  hours  and  then  extrapolating,  or  extending,  this 
movement  into  the  future.  Several  years  ago.  however,  the  Norwe- 
gian meteorologist  Sverre  Pettersen  developed  more  refined  extrapo- 
lation methods  which  have  proved  very  helpful  to  the  synoptic  mete- 
orologist in  estimating  these  movements.  Applying  them  to  the  cen- 
ter of  the  Arkansas  low  and  to  the  trough  containing  a  cold  front 
that  extends  thence  Bouthwestward  to  southern  Texas  on  th> 
a.  m.  map  of  March  29.  1939  (fig.  I),  we  find  that  after  24  hours  the 
center  of  the  disturbance  should  be  over  or  close  to  Ohio,  with  the 
_h  and  cold  front  extending  south-south  westward  to  the  vicinity 
of  Pensacola,  Fla..  while  the  movement  of  the  high  should  ta 
center  eastward  to  a  position  a  short  distance  east  of  Nova  Scotia. 
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These  calculations  were  actually  completed  before  the  forecasts 
were  made  on  the  map  of  March  29 ;  by  extrapolation  the  same  infor- 
mation was  available  for  an  additional  12  hours  ahead.  The  map  for 
7:30  a.  m..  March  30,  1939  (not  here  reproduced)  shows  a  close  agree- 
ment with  the  calculations.  On  the  basis  of  this  estimate  of  the 
future  locations  of  the  fronts  and  other  features,  it  was  comparatively 
easy  to  estimate  the  advance  of  the  precipitation  area;  and  from  our 
knowledge  of  the  arrangement  of  surface  air  masses  with  respect  to 
fronts,  troughs,  wedges,  and  centers,  the  forecaster  was  then  able  to 
predict  quite  well  the  wind  directions  and  approximate  rate  of  air 
movements,  and  the  resultant  changes  in  temperature,  in  the  several 
States  comprising  his  district. 

In  the  making  of  the  precipitation  forecasts,  the  upper-air  data  are 
of  prime  importance.  If  the  radiosonde  or  airplane  observations  show 
that  stable  air  with  little  moisture  (dry  air)  is  likely  to  be  over  a 
particular  locality  during  the  forecast  period,  there  is  little  likelihood 
of  precipitation  or  even  much  cloudiness.  In  this  case,  however,  the 
upper-air  picture  was  very  different.  The  individual  plottings  of 
radiosonde  and  airplane  observations,  as  well  as  the  isentropic  chart 
and  the  cross  sections,  showed  quite  plainly  the  reason  for  so  much 
cloudiness  and  active  precipitation.  The  moist  tongue  on  the  isen- 
tropic chart  (fig.  3)  represents  only  a  skin  layer  on  a  single  selected 
equal  potential-temperature,  or  isentropic.  surface  (in  this  case  301° 
Abs.) ;  but  the  cross  sections  and  plots  of  data  for  individual  stations 
showed  that  this  moist  tongue  was  of  considerable  depth.  Moreover, 
the  wind  data  plotted  on  the  isentropic  chart  indicated  up-slope 
motion,  and  the  air  was  so  close  to  the  condensation  level  that  not 
much  lifting  was  required  to  produce  condensation,  clouds,  and 
precipitation. 

The  surface  and  cloud  observations  substantiated  the  conclusions 
reached  by  consideration  of  upper-air  data.  The  10,000-foot  chart 
(fig.  2)  indicated  that  there  would  be  a  further  turning  of  the  wind 
over  the  Lake  region  and  the  Atlantic  States  from  westerly  to  a  more 
southerly  direction;  and  that  air  at  this  level  and  also  for  a  con- 
siderable distance  above  and  below  would  move  from  the  vicinity  of 
the  lower  Mississippi  Valley,  where  the  moisture  content  of  the  air 
was  greatest,  northeastward  at  an  average  rate  of  about  30  miles  per 
hour.  The  expected  movements  of  the  centers  of  the  low  and  the  high 
and  the  trough  containing  the  cold  front  over  the  west  Gulf  States, 
as  well  as  the  12-hour  and  3-hour  pressure  changes,  all  supported  the 
indications  of  this  comparatively  rapid  movement. 

The  official  State  forecasts  issued  on  the  morning  of  March  29,  1939, 
called  for  the  extension  of  the  ram  area  northeastward  to  Massachu- 
setts and  Xew  Hampshire  by  7:30  a.  m.  of  the  30th.  and  the  ending  of 
the  rain  by  the  same  hour  in  western  Kentucky  and  western  and 
southern  Tennessee  because  of  the  passage  of  the  cold  front  and  the 
arrival  of  dry  polar  air.  Xo  ram  was  predicted  for  northern  Michigan 
and  northern  Wisconsin  because  the  wind  at  intermediate  and  higher 
levels  was  expected  to  continue  to  blow  from  west  to  east,  preventing 
the  moist  air  from  the  South  from  reaching  that  area:  furthermore, 
inspection  of  the  isentropic  chart  shows  that  the  westerly  wind  was 
not  up  slope  over  the  northern  Lake  region.  These  forecasts,  to- 
gether with  those  for  changes  in  temperature,  were  well  verified. 
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Forecasting  Procedure 

The  forecaster  begins  his  forecasting  day  about  8:15  a.  m.  by 
studying  the  circulation  in  the  free  air  as  shown  by  the  pilot-balloon 
charts  and  drawing  the  isobars  on  the  6,000-,  10,000-,  and  14,000-foot 
maps.  This  provides  him  with  a  fairly  complete  picture  of  the 
direction  and  rate  of  movement  of  the  various  air  masses,  information 
that  is  invaluable  not  only  in  his  forecast  later  on,  but  also  in  his 
analysis  of  the  surface  synoptic  weather  map,  which  is  begun  between 
8:30  and  8:45  a.  m.,  at  least  a  half  hour  before  translation  is  finished. 

Analysis,  including  the  drawing  of  fronts  and  isobars,  continues 
through  translation  and  continuous  entry  of  observations  on  the  map 
upon  which  the  forecaster  is  working.  He  sketches  all  or  a  part  of  a 
front  or  an  isobar  here  and  there  over  the  map  as  entry  of  data  pro- 
gresses, gradually  completing  the  lines  in  the  East,  while  the  chart 
man  concentrates  on  entering  data  from  western  stations,  then  chang- 
ing positions  while  data  are  entered  for  eastern  stations  and  map 
construction  shifts  to  the  West.  A  lull  in  reports  comes  for  the  fore- 
caster for  a  few  minutes  while  those  for  Alaska,  Greenland,  and 
northern  Canada  are  being  translated  and  entered  on  a  separate 
section  of  the  map  covering  these  areas;  he  is  then  able  for  the  first 
time  to  survey  and  work  on  the  entire  main  synoptic  map  and  can 
refer  to  previous  maps  underneath  the  current  one.  The  chart  man 
soon  returns  for  entry  of  late  reports  on  the  main  map,  while  the  fore- 
caster at  least  partly  constructs  the  chart  for  the  northern  areas. 

Returning  to  the  job  of  finishing  the  principal  synoptic  chart,  the 
forecaster  usually  is  compelled  to  call  a  halt  on  the  translation  and 
entry  of  late  land  and  vessel  reports  in  order  to  spend  a  few  minutes 
in  computations  and  in  correlation  of  the  conclusions  (sometimes  con- 
tradictory) reached  from  his  brief  study  of  the  several  charts  and  cross 
sections,  before  beginning  dictation  of  the  forecasts  at  or  shortly 
after  9:30  a.  m.  All  regular  State  forecasts,  special  forecasts,  and 
weather  synopses  are  completed  by  or  shortly  after  10  a.  m.  As 
soon  as  a  State  forecast  is  completed,  it  is  telegraphed  immediately, 
and  by  10  a.  m.  all  the  Weather  Bureau  stations  in  the  forecast  dis- 
trict have  received  their  State  forecasts. 

The  actual  time  consumed  in  formulating  and  dictating  the  fore- 
casts for  the  Washington  forecast  district,  comprising  16  States  and 
the  District  of  Columbia,  is  seldom  more  than  15  to  20  minutes.  The 
time-consuming  work  is  the  translation  of  the  data  and  their  entry 
on  the  several  charts;  at  least  \){  hours  is  required  for  the  translation 
and  map  drawing.  The  decoding  and  plotting  of  data  from  pilot 
balloon,  radiosonde,  and  airplane  observations  begins  much  earlier 
than  the  translation  of  synoptic  reports.  This  work,  together  with 
the  drawing  of  isentropic  charts  and  cross  sections,  requires  much 
time,  but  when  enough  trained  and  experienced  men  are  available 
it  is  usually  well  along  or  completed  by  9:15  a.  m. 

WHAT    A    NEWSPAPER    WEATHER    MAP    SHOWS 

The  daily  newspaper  weather  map  is  a  simplified  form  of  the 
forecaster's  principal  chart.  Wind,  temperature,  state  of  weather, 
and   pressure   (isobars)   are  shown  for  selected  cities.     On  this  ele- 
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mentary  chart,  highs  and  lows  and  their  movements  from  day  to  day 
are  related  in  a  useful  way  to  the  major  changes  in  the  weather  in 
any  locality,  but  especially  in  the  northern  part  of  the  country.  By 
a  study  of  the  map,  the  newspaper  reader  can  get  a  fairly  good  idea 
of  the  wind,  rain,  snow,  clouds,  and  temperature  changes  as  related 
to  the  forms  of  isobars. 

Ordinarily  during  a  period  of  cold  winter  weather  the  low  is  preceded 
by  cloudiness,  rising  temperature,  easterly  or  southerly  winds,  and  rain 
or  snow  and  is  followed  by  colder  winds  from  west  to  north  and  the 
cessation  of  precipitation;  the  high  is  then  in  control,  with  fine,  cold 
weather  which  persists  until  the  influence  of  the  next  low  is  felt. 
But  the  march  of  weather  has  many  variations  from  this  simple 
sequence ;  these  changes  are  shown  in  much  greater  detail  on  the  fore- 
cast er's  chart.  The  newspaper  reader  who  watches  the  map  in 
connection  with  changes  in  his  own  locality  may  acquire  a  certain 
proficiency  in  anticipating  the  outstanding  changes  in  the  weather. 
The  map  enables  him  to  develop  a  better  appreciation  of  the  reasons 
for  the  Weather  Bureau  forecasts,  helps  him  to  understand  the  weather 
data  in  the  table  near  the  map,  and  assists  him  in  applying  the  fore- 
casts and  data  to  his  individual  needs. 

Newspaper  maps  are  prepared  in  Weather  Bureau  field  offices  for 
publication  locally.  The  New  York  office  makes  the  map  used  for 
distribution  by  wirephoto. 
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The  Scientific  Basis  of 
Modern  Meteorology 


By  C.  G.  Eossby 


IN  SEVERAL  SCIENCES  on  which  agriculture  is  closely 
dependent  there  have  been  striking  developments  in  recent 
decades,  and  these  have  resulted  in  rapid  progress  of  great  bene- 
fit to  mankind.  Genetics,  soil  science,  and  nutrition  have  all 
made  great  strides  based  on  important  fundamental  discoveries. 
Latest  to  join  this  group  is  meteorology.  Here  is  a  semi- 
technical  presentation  of  the  physical  basis  of  this  science  as  it 
has  been  developed  since  the  last  great  war. 

1  C.  a.  Etoasby  is  Assistant  Director  of  the  Weather  Bureau. 
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The  science  of  meteorology  does  not  yet  have  a  universally  ac- 
cepted, coherent  picture  of  the  mechanics  of  the  general  circulation 
of  the  atmosphere.  This  is  partly  because  observational  data  from 
the  upper  atmosphere  still  are  very  incomplete,  but  at  least  as  much 
because  our  theoretical  tools  for  the  analysis  of  atmospheric  motion? 
are  inadequate.  Meteorology,  like  physics,  is  a  natural  science  and 
may  indeed  be  regarded  as  a  branch  of  the  latter;  but  whereas  in  ordi- 
nary Laboratory  physics  it  is  always  possible  to  set  up  an  experiment, 
vary  one  factor  at  a  time,  and  study  the  consequences,  meteorologists 
have  to  contend  with  such  variations  as  nature  may  offer,  and  these 
variations  are  seldom  so  clean-cut  as  to  permit  the  establishment  of 
well-defined  relationships  between  cause  and  effect. 

Under  these  conditions  theoretical  considerations  become  more 
important  than  ever.  The  atmosphere  may  be  considered  as  a  turbu- 
lent fluid  subjected  to  strong  thermal  influences  and  moving  over  a 
rough,  rotating  surface.  As  yet  no  fully  satisfactory  theoretical  or 
experimental  technique  exists  for  the  study  of  such  fluid  motions; 
yet  it  is  safe  to  say  that  until  the  proper  theoretical  tools  are  avail- 
able, no  adequate  progress  will  be  made  either  with  the  problem  of 
long-range  forecasting  or  with  the  interpretation  of  past  climatic 
fluctuations. 

Certain  phases  of  the  admittedly  oversimplified  analysis  of  the 
circulation  of  the  atmosphere  presented  in  this  article  may  be  traced 
as  far  back  as  1888,  to  the  German  physicist  Von  Helmholtz,  but  other 
parts  are  the  result  of  recent  research  and  should,  to  some  extent,  be 
considered  as  the  author's  personal  view.  The  combination  of  these 
various  elements  into  a  still  fairly  crude  bird's-eye  view  of  the  atmos- 
phere and  its  circulation  was  undertaken  during  the  last  4  or  5  years 
as  a  byproduct  of  an  intensive  study  of  Northern  Hemisphere  weather, 
with  which  the  author  had  the  good  fortune  to  be  associated.  This 
study  was  conducted  as  a  cooperative  project  between  the  United 
States  Department  of  Agriculture  and  the  Massachusetts  Institute 
of  Technology  and  was  to  a  large  extent  supported  by  Bankhead- 
Jones  funds.  A  brief  historical  outline  of  the  development  of  the 
theoiy  will  be  found  at  the  end  of  the  article. 

CONVECTIVE  CIRCULATION 

The  energy  that  drives  the  atmosphere  is  obtained  from  the  sun's 
radiation.  Just  outside  the  atmosphere  an  area  exposed  at  right 
angles  to  the  sun's  rays  would  receive  radiant  energy  at  the  rate  of 
about  2  gram-calories  per  square  centimeter  per  minute.  The  earth 
is  approximately  spherical,  and  its  surface  area  is  therefore  four  times 
as  large  as  the  cross-section  area  intercepting  the  sun's  rays;  it  follows 
that  on  an  average  each  square  centimeter  at  the  outer  boundary  of 
the  atmosphere  receives  about  one-half  of  a  gram-calorie  per  minute. 
Part  of  this  radiation  is  reflected  back  to  space  from  the  upper  surface 
of  clouds  in  the  atmosphere,  and  part  is  lost  through  diffuse  scattering 
of  the  solar  radiation  by  air  molecules  and  dust.  It  is  estimated  that 
a  total  of  about  40  percent  on  an  average  is  lost  through  these  proc- 
esses. (It  is  this  reflection  that  determines  the  whiteness,  or  albedo, 
of  the  earth  as  a  planet,  and  thus  the  earth  is  said  to  have  an  albedo 
of  about  40  percent.)     The  remaining  radiation  passes  through  the 
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directly  absorbing-  some  of  the  radiation  emitted  by  the  sun  and  also, 
to  a  somewhat  lesser  extent,  part  of  the  long-wave  radiation  from 
below.  As  a  result,  in  the  upper  portions  of  this  ozone  layer  the  air 
temperature  appears  to  exeeed  the  moan  air  temperature  next  to  the 
ground.  It  is  this  ozone  layer  which  protects  us  from  the  extreme 
ultraviolet  rays  in  the  sun's  radiation. 

At  still  higher  levels  the  oxygen  and  the  nitrogen  in  the  earth's 
atmosphere  are  capable  of  intense  direct  absorption  of  solar  radiation. 
For  this  and  other  reasons,  it  is  now  generally  believed  that  the 
temperature  again  rises  to  values  which  may  be  as  high  as  500°  to 
1,000°  Abs.  above  150  kilometers  (93  miles)  above  sea  level. 

This  uppermost  region  of  high  temperature  is  located  at  a  height 
where  the  air  density  is  so  small  that  no  appreciable  direct  dynamic 
effect  on  air  circulation  in  the  lower  layers  of  the  atmosphere  can  be 
expected.  It  is  necessary  to  admit,  however,  that  temperature  varia- 
tions and  resulting  circulation  at  the  ozone  level  may  be  significant  so 
far  as  weather  and  wind  in  the  lowest  strata  are  concerned.  No  exist- 
ing theory  suggests  a  definite  mechanism  for  control  of  sea  level 
circulation  and  weather  by  an  ozone  layer.  On  the  other  hand, 
circulation  in  the  lowest  20  kilometers  of  the  atmosphere  has  definitely 
been  shown  to  produce  redistributions  of  the  ozone  aloft,  and  hence 
atmospheric  ozone  has  of  late  become  an  element  of  decided  interest 
even  to  practical  meteorologists,  as  a  means  of  tracing  air  movements 
in  the  stratosphere. 

Until  our  knowledge  of  the  absorption  and  emission  of  radiation  by 
water  vapor  increases,  it  is  not  possible  to  state  what  the  final  decrease 
of  temperature  with  elevation  would  be  in  case  of  purely  radiative 
equilibrium,  but  it  is  probable  that  in  the  lowest  portion  of  the 
atmosphere  it  would  be  far  steeper  than  the  decrease  actually  ob- 
served (about  6°  C.  in  1  kilometer,  or  17°  F.  in  a  mile).  As  a  result 
of  evaporation,  the  lowest  layers  would  be  very  nearly  saturated  with 
water  vapor.  It  can  be  demonstrated  that  a  saturated  atmosphere 
in  which  the  decrease  in  temperature  with  elevation  is  more  rapid 
than  the  value  just  indicated  must  be  mechanically  unstable  or,  allow- 
ing for  its  compressibility,  top-heavy,  and  thus  must  tend  to  turn  over. 
Violent  vertical  currents  (convection)  would  result,  which  would 
carry  water  vapor  and  heat  from  the  earth's  surface  to  higher  levels. 

At  these  upper  levels  the  water  vapor  would  condense  as  the  result 
of  expansion  cooling,  and  from  there  the  heat  realized  through  the 
condensation  processes  would  be  sent  out  to  space  through  infrared 
radiation.  In  this  way  the  free  atmosphere  would  actually  give  off 
more  heat  by  radiation  than  it  would  absorb,  and  the  loss  would  be 
balanced  by  eonvective  transport  of  latent  heat  upward.  Thus  an 
atmosphere  heated  uniformly  from  below  in  all  latitudes  and  longi- 
tudes- that  is,  the  atmosphere  of  a  uniformly  heated  nonrotating 
globe — would  show  no  sign  of  organized  circulation  between  different 
Latitudes  but  would  be  characterized  by  violent  convection  somewhat 
like  that  in  a  kettle  of  water  which  is  being  heated  from  below. 

Rising  bodies  of  air  expand  with  decreasing  air  pressure  and  cool 
as  the  result  of  the  expansion.  In  the  convectively  unstable  atmos- 
phere here  described,  the  ascending  currents  would  acquire  their 
momentum  in  the  overheated  layers  next  to  the  ground  and  rise 
beyond  the  level  where  they  reach  temperature  equilibrium  with  the 
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Figure  1. — The  thin  line  shows  how  the  temperature  would  drop  with  height  if  radi- 
atioB  alone  controlled  the  state  of  the  atmosphere.  This  is  an  unstahle  arrangement 
resulting  in  violent  overturning.  The  heavy  line  shows  the  result — cooling  next  to  the 
ground-  a  moderate  temperature  drop  with  elevation  in  the  lower  atmosphere  (tropo- 
sphere), then  a  marked  temperature  minimum  (tropopause).  and  ahove  that  an  almost 

constant  temperature. 

environment.  As  a  result  of  this  overshooting,  a  layer  of  ndnimum 
temperature  would  be  created  at  the  top  of  the  lower,  convective 
portion  of  the  atmosphere  (the  troposphere).  It  follows  that  tropo- 
spher  sphere  would  be  separated  by  a  narrow  transition 

zone  (tropopause)  of  rapid  temperature  increase  upward.  The 
effect  of  convection  on  an  unstable  temperature  distribution  assumed 
to  have  been  established  by  radiation  is  shown  in  figure  1.  Figure 
-hows  the  convective  circulation  of  the  troposphere  on  a  uniformly 
heated  nonrotating  globe,   as   described. 

MERIDIONAL    NORTH-AND-SOUTH)  CIRCULATI 

Into  this  chaotic  state  a  certain  order  is  brought  through  the  fact 
that  the  incoming  solar  radiation  is  far  from  uniformly  distributed 
over  the  surface  of  the  earth.  Because  of  the  low  angle  of  incidence 
of  solar  radiation  in  polar  regions,  a  given  horizontal  area  in  high  lati- 
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tudes  receives  far  less  solar  radiation  than  an  equal  area  closer  to  the 
Equator.  To  determine  the  consequences  of  this  concentration  of 
heat  income  in  equatorial  regions,  it  is  advisable  for  a  moment  again 
to  disregard  the  rotation  of  the  earth  and  investigate  what  would 
happen  if  the  earth  stood  still  but  the  sun  followed  its  normal  path 
across  our  sky.  In  response  to  the  greater  heat  income  in  low  latitudes, 
the  temperature  there  would  rise  until  the  increased  temperature  of 
the  atmosphere  in  this  region  would  result  in  increased  infrared 
radiation  toward  space,  capable  of  reestablishing  complete  balance 
with  the  heat  received  from  the  sun.  Such  an  equilibrium  corresponds 
to  a  far  greater  increase  from  Pole  toward  Equator  in  surface  tem- 
perature or  in  the  temperature  of  the  lower  atmosphere  than  is 
actually  observed.  As  a  result  of  this  heating  of  the  atmosphere 
in  low  latitudes,  the  air  there  would  expand  vertically,  while  the 
cooling  in  high  latitudes  would  result  in  a  vertical  shrinking. 

Thus,  at  a  fixed  level  of,  say,  5  kilometers  (3  miles)  above  sea  level, 
a  greater  portion  of  the  total  atmospheric  air  column  would  be  found 
overhead  near  the  Equator  than  near  the  Poles.  Since  the  air  pres- 
sure always  measures  the  weight  of  the  superimposed  air  column, 
it  follows  that  higher  pressure  would  prevail  at  the  5-kilometer  level 
near  the  Equator  than  near  the  Poles.  Air,  like  any  fluid,  tends  to 
move  from  high  to  low  pressure,  and  thus  the  upper  atmosphere 
would  be  set  in  motion  from  the  Equator  polewards.  This  motion 
obviously  would  raise  the  sea  level  pressure  near  the  Poles  and 
reduce  it  near  the  Equator,  and  as  a  result  the  surface  air  would 
move  frcm  Poles  toward  Equator. 

Considering  the  Northern  Hemisphere  only,  it  is  thus  evident  that 
the  inequality  in  heat  income  between  latitudes  produces,  on  a  non- 
rotating  globe,  south  winds  aloft  and  north  winds  below.  This 
circulation  scheme  is  illustrated  in  figure  2,  B.  Relatively  warm  air 
is  carried  northward  aloft  and  relatively  cold  air  is  carried  southward 
near  the  ground.  As  a  result,  it  is  no  longer  necessary  for  the  ground 
and  the  sea  surface  in  low  latitudes  to  reradiate  all  the  local  radiation 
income  to  space,  but  part  of  this  heat  is  used  up  in  evaporation  and  is 
transported  northward  and  upward  in  the  form  of  latent  and  realized 
heat.  It  is  finally  returned  to  space  from  higher  latitudes  or  higher 
elevations  through  infrared  radiation. 

Thus  a  vertical  column  of  air  in  high  latitudes  no  longer  absorbs  as 
much  radiation  as  it  emits  but  is  continually  suffering  a  net  loss  of  heat 
through  the  combined  effects  of  the  various  radiative  processes.  This 
loss  is  balanced  by  a  gain  of  heat  (realized  or  latent)  resulting  from  the 
exchange  of  air  with  more  southerly  latitudes  and  by  a  gain  resulting 
from  realization  of  latent  heat  through  condensation.  Even  though 
our  present  knowledge  of  the  radiative  processes  in  the  atmosphere  is 
still  very  incomplete,  it  is  becoming  increasingly  probable  that  every- 
where in  high  and  middle  latitudes  the  free  atmosphere  above  a  shallow 
layer  of  air  next  to  the  ground  is  constantly  losing  heat  by  radiation. 
The  significance  of  water  vapor  as  a  carrier  of  heat  (latent)  pole- 
ward and  upward  is,  for  the  same  reason,  becoming  more  and  more 
appreciated. 

As  a  result  of  the  net  transport  of  heat  poleward  the  temperature 
contrast  between  Pole  and  Equator  is  reduced. 
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The  poleward  flow  of  warm  air  aloft  and  the  transport  toward  the 
Equator  of  relatively  cold  air  next  to  the  ground  has  the  further  effect 
of  bringing  about  a  reduction  in  the  vertical  temperature  decrease. 
Thus  instability  is  cut  down  and  vertical  convection  reduced  in  middle 
and  high  latitudes. 

The  picture  thus  obtained,  that  of  an  atmosphere  heated  from  below 
and  rising  near  the  Equator,  chilled  and  sinking  in  higher  latitudes, 
requires  a  few  additional  comments  to  eliminate  possible  misunder- 
standings. Even  in  high  latitudes  the  temperature  decreases  upward. 
Thus,  if  the  air  in  these  regions  is  steadily  sinking,  the  individual  air 
particles  must  be  getting  warmer,  which  would  hardly  seem  to  be  in 
accord  with  the  idea  that  the  air  in  this  region  is  losing  heat  through 
radiation.  It  must  be  remembered,  however,  that  air  is  highly  com- 
pressible. As  the  air  sinks  it  comes  under  the  influence  of  higher 
pressure.  Owing  to  the  compression  its  temperature  rises,  just  as  the 
temperature  of  a  gas  in  a  cylinder  rises  with  compression.  In  the 
atmosphere,  the  rate  at  which  the  temperature  of  a  sinking  particle 
would  rise  as  a  result  of  compression  is  about  10°  C.  in  1  kilometer. 
Thus,  if  the  temperature  of  a  sinking  air  particle  rises  only  6°  C.  in 
1  kilometer,  it  means  that  the  particle  has  gi^en  off  heat  correspond- 
ing to  a  temperature  drop  of  about  4°  C.  Dry  air,  rising  through  the 
atmosphere,  cools  through  expansion  at  the  same  rate,  10°  C.  in  1 
kilometer.  Thus  if  a  rising  current  shows  a  temperature  drop  of  only 
6°  C.  per  kilometer,  heat  must  have  been  added,  corresponding  roughly 
to  a  temperature  increase  of  4°  C.  per  kilometer.  If  this  additional 
amount  of  heat  is  not  available,  the  temperature  at  fixed  upper  levels 
would  obviously  drop. 

In  saturated  air,  rising  through  the  lower  atmosphere,  a  certain 
amount  of  heat  is  made  available  through  the  condensation  of  the 
water  vapor  carried  along  by  the  current.  Thus  the  expansion  cooling 
of  saturated  air  is  less  intense  than  the  expansion  cooling  of  dry  air. 
The  actual  rate  of  cooling  varies,  but  it  amounts  to  about  6°  C.  per 
kilometer  in  the  lower  atmosphere  for  temperatures  around  freezing. 

The  circulation  described  above  between  a  heat  source  in  low  lati- 
tudes and  at  low  elevations  and  a  cold  source  in  middle  and  higher 
latitudes  but  distributed  over  all  elevations  works  on  the  same  prin- 
ciple as  a  simple  heat  engine.  In  such  an  engine  the  difference  between 
the  heat  received  at  the  heat  source  and  the  heat  given  off  at  the  cold 
source  is  converted  into  work.  Here  it  appears  as  kinetic  energy  of  the 
wind  system.  Unless  brakes  are  applied,  the  wind  must  constantly 
increase  in  speed.  Such  brakes  are  provided  by  the  friction  between 
the  winds  and  the  ground  (or  sea  surface).  Since  no  appreciable 
changes  are  wrought  in  the  surface  of  the  earth,  the  energy  of  the  winds 
is  steadily  converted  into  heat,  which  ultimately  must  be  radiated  back 
to  space.  Thus,  in  the  final  analysis,  the1  total  amounts  of  radiation 
received  and  given  off  by  the  planet  Earth  must  equal  each  other. 

The  scheme  just  outlined  differs  sharply  from  the  true  situation 
observed  in  the  atmosphere,  and  this  discrepancy  depends  mainly  on 
two  factors  completely  neglected  up  to  the  present  time.  The  first 
of  these  is  the  rotation  of  the  earth;  the  second  the  distribution  of 
continents  and  oceans.  The  effect  of  the  rotation  will  be  discussed 
first,  the  earth's  surface  still  being  considered  as  uniform. 
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INFLUENCE  OF  THE  EARTH'S  ROTATION 

The  earth  does  not  appreciably  change  its  speed  of  rotation,  and 
thus  it  may  be  assumed  that  on  an  average  it  neither  receives  momen- 
tum from  nor  gives  off  momentum  to  the  atmosphere.  The  rotation, 
however,  does  profoundly  affect  the  character  of  the  flow  patterns 
observed  in  the  atmosphere. 

To  understand  the  influence  of  the  earth's  rotation,  consider  first 
this  simple  experiment:  If  a  marble  attached  to  a  piece  of  string  is 
placed  on  top  of  a  smooth  table  and  swung  around  the  free  end  of  the 
string  and  if  then  the  length  of  the  string  is  shortened,  it  will  be  found 
that  the  speed  of  the  marble  increases.  If  the  string  is  shortened  to 
one-half  its  original  length,  the  speed  of  the  marble  is  doubled;  if  the 
string  is  reduced  to  one-third  its  original  length,  the  speed  of  the  marble 
is  tripled.  Thus  the  product  of  speed  and  radius  of  rotation  remains 
constant  during  the  experiment.  This  product  is  usually  referred  to 
as  the  angular  momentum  (per  unit  mass)  of  the  marble. 

A  ring  of  air  extending  around  the  earth  at  the  Equator,  at  rest 
relative  to  the  surface  of  the  earth,  spins  around  the  polar  axis  with  a 
speed  equal  to  that  of  the  earth  itself  at  the  Equator.  If  somehow 
this  ring  is  pushed  northward  over  the  surface  of  the  earth,  its  radius 
is  correspondingly  reduced;  and  it  follows  from  the  principle  set 
forth  that  the  absolute  speed  of  the  ring  from  west  to  east  increases. 
Since  the  speed  of  the  surface  of  the  earth  itself  from  west  to  east 
decreases  northward,  it  follows  that  the  moving  ring,  in  addition  to  its 
northward  velocity,  must  acquire  a  rapidly  increasing  speed  from  west 
to  east  relative  to  the  earth's  surface. 

The  principle  itself  may  be  illustrated  very  simply  by  an  extreme 
and  absurd  case.  The  eastward  speed  of  the  earth  itself  at  the 
Equator  is  about  -465  meters  (509  yards)  per  second.  A  ring  of  air 
displaced  from  this  latitude  to  latitude  60,  where  the  distance  from 
the  axis  of  the  earth  is  only  half  that  at  the  Equator,  would  appear 
in  its  new  position  with  double  the  original  absolute  velocity,  or  930 
meters  (1.017  yards)  per  second.  Since  the  speed  of  the  earth  itself 
at  this  latitude  is  only  half  what  it  is  at  the  Equator,  or  232  meters 
(254  yards')  per  second,  it  follows  that  a  ring  of  air  thus  displaced 
would  move  eastward  over  the  surface  of  the  earth  with  a  relative 
speed  of  60S  meters  per  second  (about  1.560  miles  per  hour).  Obvious- 
ly such  wind  speeds  never  occur  in  the  atmosphere,  one  reason  being 
the  effect  of  frictional  forces,  another  the  fact  that  large-scale  atmos- 
pheric displacements  never  are  symmetric  around  the  earth's  axis  or 
as  large  as  those  indicated. 

It  is  apparent,  however,  that  this  tendency  toward  the  establish- 
ment of  west  winds  in  northward-moving  rings  of  air  and  of  east  winds 
in  southward-moving  rings  must  modify  the  previously  described 
meridional  (north-south)  circulation  scheme  considerably.  This  is 
best  seen  if  one  assumes  that  the  meridional  circulation  scheme 
characteristic  of  a  nonrotating  earth  (fig.  2,  B)  is  suddenly  set  in  opera- 
tion on  a  rotating  earth  in  which  the  atmosphere  previously  was  at 
rest  relative  to  the  ground.  The  moment  the  circulation  begins, 
west  winds  (relative  to  the  earth)  would  begin  to  develop  in  the  upper 
atmosphere,  with  a  slight  component  northward,  and  east  winds 
in  the  lower  atmosphere,  with  a  slight  component  southward. 
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cally  impossible  as  a  steady  state.  If  east  winds  prevailed  in  all 
latitudes,  friction  between  the  atmosphere  and  the  solid  earth  woidd 
constantly  tend  to  reduce  the  rotation  of  the  earth.  On  the  other 
hand,  the  atmosphere  wotdd  constantly  gam  momentum  from  the 
earth.  Sooner  or  later  a  state  of  equilibrium  would  be  established  in 
which  the  atmosphere  would  neither  gam  nor  lose  momentum  through 
contact  with  the  earth — an  equilibrium  which  is  known  to  prevad. 
since  the  rotation  of  the  earth  for  practical  purposes  can  be  regarded 
as  constant.  Such  an  equdibrium  requires  that  the  retarding  influ- 
ence of  the  east  winds  must  be  offset  by  the  accelerating  influence  of  a 
belt  or  belts  of  west  winds,  also  in  the  surface  layers.  It  is  clear, 
however,  that  this  argument  is  incapable  of  determining  the  number, 
width,  and  strength  of  the  required  west-wind  belts.  It  is  the  purpose 
of  the  four  diagrams  in  figure  3  to  explain  why  the  initial  meridional 
circulation,  under  the  influence  of  the  earth's  rotation,  necessarily 
must  break  down  into  at  least  three  separate  cells  on  each  hemisphere. 

In  order  to  understand  the  successive  stages  of  development  indi- 
cated in  figure  3.  it  is  first  necessary  to  discuss,  in  some  detail,  the 
effect  of  the  rotation  of  the  earth  on  the  relative  motion  of  air  over  its 
surface.  Wherever  a  ring  of  air  parallel  to  a  latitude  circle  is  rotating 
more  rapidly  than  the  surface  of  the  earth  itself,  it  is  acted  upon  by  an 
excess  of  centrifugal  force  which  tends  to  throw  the  ring  away  from 
the  axis  of  the  earth,  which  in  the  Northern  Hemisphere  means 
southward.2  If  the  ring  rotates  with  the  same  speed  as  the  earth 
(that  is.  if  it  is  at  rest  relative  to  the  surface  of  the  earth)  this  excess 
of  centrifugal  force  vanishes.  If  this  were  not  the  case,  any  object 
resting  on  the  surface  of  the  earth  would  be  thrown  toward  the 
Equator.  A  ring  of  air  rotating  more  slowly  than  the  earth  itself, 
and  hence  appearing  as  an  east  wind  relative  to  the  earth,  suffers 
from  a  deficiency  in  centrifugal  force  and  tends  to  move  toward  the 
axis  of  the  earth,  that  is.  in  this  hemisphere,  toward  the  north.  To 
keep  a  west-wind  belt  from  being  thrown  southward,  the  atmospheric 
pressure  must  be  higher  to  the  south  than  to  the  north  of  the  ring  (hi 
the  Northern  Hemisphere',  thus  producing  a  force  directed  northward 
and  capable  of  balancing  the  excess  centrifugal  force.  If  no  such 
pressure  force  (gradient )  is  available,  the  ring  will  be  displaced  slightly 
southward  until  enough  air  has  piled  up  on  its  south  side  to  bring 
about  the  required  cross-current  pressure  rise  to  the  south  and 
equilibrium.  The  total  displacement  needed  for  this  purpose  is 
usually  quite  small  as  compared  with  the  width  of  the  current. 

To  keep  an  east-wind  belt  in  equilibrium,  the  atmospheric  pressure 
must  be  higher  on  the  north  side  than  on  the  south  side  (in  the  North- 
ern Hemisphere),  so  that  the  resulting  pressure  force  balances  the 
deficiency  in  centrifugal  force  acting  on  the  ring.  It  has  already  been 
brought  out  that  in  the  Northern  Hemisphere  air  moving  northward 
tends  to  acquire  a  velocity  eastward,  while  air  moving  southward 
tends  to  acquire  velocity  westward.  To  offset  this  tendency  toward 
deflection  eastward.3  a  north-bound  current  of  limited  width  piles  up 

1  That  part  of  the  centrifugal  force  (per  unit  mass)  which  corresponds  to  the  earth's  own  rotation  is  bal- 
anced by  a  component  of  the  earth'?  gravitational  attraction.  The  resultant  of  this  component  of  the 
centrifugal  force  and  of  the  earth'5  total  true  gravitational  attraction  is  perpendicular  to  the  earth's  surface 
and  constitutes  what  is  normally  ref.r-  ;:v. 

3  The  method  of  compensation  here  described  is  obviously  impossible  for  circumpolar  rings  of  air.  Hence 
rings  of  air  displaced  northward  acquire  west-wind  tendencies,  south-bound  rings  east-wind  tendencies, 
as  brought  out  previously. 
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air  to  the  east  and  creates  higher  p:    ae  si  than  to  the 

while  the  reverse  appl:  -  south-bound  current. 

All  these  results  may  be  generaliz*  a  %  U)  apply  to  any  wind  direc- 
tion. It  is  thus  found  that  in  the  Northern  Hemisphere  steady  winds 
always  blow  in  such  a  fashion  that  the  air  pressure  drops  from  right 
to  left  across  the  current  for  an  obi  _  -      un.     The 

stronger  the  current  flows.    tL      -  the    drop    in      row-    :rrent 

pressure.     If,  in  any  horizontal  plane,  lines  of  constant  air  pr 
(isobars)  are  drawn,  it  may  be  seen  that  the  air  follow  e  aobars 

and  moves  counterclockwise  around  regions  of  low  pressure 
and  clockwise  around  regions  of  high  p.    ■  anticyclones  j.     In  the 

Southern  Hemisphere,  the  direction  of  motion  around  highs  and  lows 

-ed. 

It  is  apparent  from  the  preceding  reasoning  that  the  relationship 
between  wind  and  horizontal  pre--  -nbution  is  truly  mutual: 

a  prescribed  pressure  distribution  will  gradually  set  the  air  in  motion 
in  accordance  with  the  law  set  forth :  likewis  -how  a  system  of 

horizontal  currents  has  been  set  up  in  the  atmosphere,  the  individual 
current  branches  will  very  quickly  be  displaced  slightly  to  the  right 
(in  the  Northern  Hemisphere,  until  everywhere  the  proper  cross- 
current pressure  drop  from  right  to  left  has  -  Owing 
to  the  ease  with  which  the  atmosphere  thus  builds  up  the  cross- 
current pressure  drop  required  for  equilibrium  flow,  the  reasoning  just 
outlined  merely  helps  in  understanding  why  the  pressure  in  the 
Northern  Hemisphere  always  rises  from  left  to  right  for  an  observer 
looking  downstream  but  does  not  by  itself  indicate  that  one  current 
pattern  is  more  likely  to  be  established  than  another.  To  establish 
the  character  of  the  current  patterns,  either  the  pressure  distribution 
must  be  known,  or  additional  physical  principles                    utilized. 

It  is  now  possible  to  return  to  a  discussion  of  the  circulation  develop- 
ment in  figure  3.  In  an  axially  symmetric  atmosphere,  such  as  the 
one  here  discussed,  the  absolute  angular  momentum  of  individual 
parcels  of  air  does  not  eh      _  :hrough  the  influence  of  fric- 

tional  forces.     Under  thes^  sit  k  nt  that  the  meridional 

(north-south)  movements  indicated  in  figure  •: .  A.  must  gradually  re- 
distribute the  absolute  angular  momentun   -      -  irinda 
next  to  the  ground  in  the  polar  regions,  and  east  wi              ft  over  the 
Equator.     This  is  the  state  illustrated  in  figure  3.  B      If  the  meridional 
circulation  is  slow,  the  prese            -tribution  in  the  atmosphere  must 
constantly  adjust  itself  fairly                 to  the  prevailing  zonal  winds. 
Thus,  in  figure  3.  B.  there  would  be       a     -                          maximum  at 
the  transition  poi:                en  the  east            g  in  low  latitudes  and  the 
west  winds  farther  north.     This                                      winda 
tinue  its  southward  displacement  only  as  long  as  H  k          d  upon  by 
an  excess  of  centrifugal  force.     However,  part  of  the  air  in  this 
wind  belt  mu-     si                  a     momentum  through  frictional  contact 
with   the  ground.     Under  the   influence  of  the  rw 
in  centrifugal  force  this  shallow  portion  of  the  belt  :              the  earth's 
surface  must  seek  its  way  northward,  as  indica*            _             I 
air  continues  to  cool  and  -                        the  P<                        -  that  the 
retarded  west  winds,  for  purely  dynami 

aloft  some  distance  from  the  Pole.  Finally  a  cellular  state  develops, 
as  indicated  in  figure  3,  D. 
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The  Three  Hemispheric  Circulation  Cells 

Up  to  this  point  the  break-down  of  the  original  simple  meridional 
circulation  scheme  has  been  treated  as  a  purely  dynamic  effect.  It 
now  becomes  necessary  to  investigate  whether  the  final  mean  circula- 
tion scheme  is  compatible  with  the  thermal  processes  of  the  atmos- 
phere. For  this  purpose  we  must  fail  back  upon  our  as  yet  very 
incomplete  knowledge  of  radiative  processes  in  the  atmosphere. 

It  was  stated  previously  that  practically  everywhere  above  a  shal- 
low layer  next  to  the  ground  the  free  atmosphere  suffers  heat  losses 
through  the  combined  effects  of  the  various  radiative  processes  to 
which  it  is  subjected.  In  middle  latitudes  at  2  or  3  kilometers  above 
sea  level,  these  losses  would  produce  a  cooling  at  fixed  levels  of  the 
order  of  magnitude  of  perhaps  1°  or  2°  C.  per  day. 

Thus,  with  the  possible  exception  of  equatorial  regions,  the  free 
atmosphere  everywhere  serves  as  a  cold  source  (condenser)  for  the 
circulation  engine.  Heat  sources  are  located  at  the  earth's  surface  and 
above  the  surface  layers  in  those  regions  where  latent  heat  is  released 
through  condensation.  The  release  of  latent  heat  through  scattered, 
unorganized  convective  action  is  of  little  consequence  for  the  atmos- 
pheric heat  engine,  but  those  regions  where  there  is  organized  ascend- 
ing mass  motion  with  attending  condensation  and  release  of  latent 
heat  become  important  heat  sources  capable  of  driving  the  atmospheric 
circulation.  It  follows  that  the  atmosphere  itself  to  a  considerable 
extent  has  the  power  to  regulate  the  distribution  of  its  heat  sources 
and  also,  through  dynamically  produced  temperature  changes,  to 
modify  the  intensity  of  its  cold  sources.4  The  latter  effect  follows 
from  the  fact  that  a  temperature  change  modifies  the  emission,  but 
not  the  absorption,  of  a  given  parcel  of  air. 

It  follows  from  the  preceding  discussion  that  the  air  ascending 
in  the  equatorial  belt  and  spreading  polewards  at  upper  levels  must 
lose  heat  fairly  quickly  and  that  parts  of  it  must  reach  ground  again 
when  it  is  in  the  horse  latitudes  (in  the  neighborhood  of  30°  N.  or  S.). 
A  branch  of  the  descending  air  spreads  polewards;  another  branch 
equatorwards.  The  poleward  branch  will  appear  as  a  west  or  south- 
west wind,  and  must  eventually  meet  the  cold  air  seeping  equator- 
wards  from  the  Pole.  Forced  ascent  results,  requiring  a  heat  source 
which  is  provided  through  the  release  of  latent  heat  in  the  ascending 
air. 

Thus  the  original  single  meridional  circulation  cell  characteristic  of 
each  hemisphere  id  the  original  scheme  breaks  up  in  such  a  fashion 
that  one  cell  extends  from  the  Equator  to  the  horse  latitudes,  another 
from  about  latitude  60°  polewards.  The  resulting  scheme  of  circula- 
tion is  illustrated  in  figure  4.  In  both  extreme  cells  the  heat  sources 
are  found  at  low  levels,  the  cold  sources  well  distributed  along  the 
vertical.  Looking  eastward  at  a  meridional  vertical  section  through 
the  Northern  Hemisphere,  one  would  observe  counterclockwise 
circulation  in  each  of  these  extreme  cells.  These  circulations  are 
direct  in  the  sense  that  they  carry  heat  from  heat  source  to  cold  source, 
all  the  while  transforming  a  small  fraction  of  the  heat  energy  received 
into  kinetic  energy.  The  direct  cell  to  the  south  may  be  called  the 
trade- wind  cell,  since  the  southward-moving  lower  branch  of  this  cell 

4  This  would  become  significant  in  an  atmosphere  free  from  water  vapor. 
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oonsible  for  the  steady  northeast  trade  winds  just  north  of  the 
Equator.     For  reasons  which  will  api  northern  cell  will  be 

referred  to  under  the  name  "polar-front  cell." 

It  now  seen:-       s  -  an  explanation  also  for  the  circulation 

in  middle  latitudes.     In  the  two  direct  circulation  cells  to  the  north 
and  to  the  south,  strong  westerly  wine-  tinually  being  created 

at  high  levels.  Along  their  boundaries  with  the  middle  cell,  these 
strong  westerly  winds  generate  eddies  with  approximately  vertical 
_ii  the  action  of  these  eddies  the  momentum  of  the  wester- 
lies in  the  upper  branches  of  the  two  direct  cells  is  diffused  toward 
middle  latitudes,  and  the  upper  air  in  these  regions  is  thus  dragged 
along  eastward.  The  westerlies  observed  in  middle  latitude 
frictionally  driven  by  the  surrounding  direct  cells.  The 
centrifugal  force  acting  on  these  upper  west  winds  of  middle  latitudes 
forces  the  air  southward,  but  equilibrium  is  never  reached,  since  the 
air  still  farther  to  the  south,  instead  of  piling  up  and  thus  permitting 
stabhshnient  -s-current  pressure  drop,  cools 

through  radiation  and  sinks  to  lower  levels. 

It  L  h  y  been  pointed  out  that  the  air  which  sinks  in  the  horse 

latitu     a   -  -  both  pok  -  and  equatorwards.     The  poleward 

branch  must  obviously  appear  ■&  si  wind  accompanied  by  a 
current  pressure  drop  northward.  It  continues  to  move  northward, 
since  the  retarding  influence  of  ground  friction  continually  keeps  the 
surface  westerlies  below  the  intensity  required  for  equihbrium.  Aloft 
-ituation  is  reversed,  since  there  the  frictionally  driven  winds 
always  remain  slightly  in  I  the  value  required  to  balance  the 

-  --current  pressure  drop.     The  result  is  a  motion  northward  near 
the  surface,  a  slight  motion  southward  aloft 

Thus,  to  an  observer  looking  east       rd,  the  meridional  circulation  in 

middle  latitu<  » k  -       :id  opposite  to  the  direct  counterclock- 

ns  to  the  north  and  south.     This  middle  cell  servt-     - 

-ary  brak^  on  the  general  circulation  driven  by  the  direct-working 

heat  ensines  farther  to  the  north  and  to  the  south.     It  has  alreadv 


e:.-~:= 


Figure  4. — The  final  cellular  meridional  circulation  on  a  r  artb:   Com  - 

near  the  Equator,  a  clear  z.  n**  afdeaeeadmg  air  motion  north  of  it  I  about  latitu 
N.  .  ami  !i-'a\  \    -lantin*  cloud  ma*ees  v% ith  accumpan\in»  precipitation  in  the  polar- 
front 


612     •     Yearbook  of  Agriculture.  1911 


<  1018 


w  1016 

hi 

5  1015 

a 

°"  1013 


\ 


NOVEMBER  1938-  APRIL  1939    MEAN  PROFI  -E 
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Figure  5. — Pressure  profile  for  the  Northern  Hemisphere.      (From  (^).)5 

been  stressed  that  part  of  the  (relative)  momentum  eastward  generated 
aloft  in  the  direct  cells  to  the  north  and  south  spills  over  into  the 
middle  cell  (through  large-scale  horizontal  friction),  where  it  is  de- 
stroyed through  slow  southward  displacement.  The  surface  westerlies 
established  in  this  middle  cell  serve  the  additional  purpose  of  balancing 
the  retarding  force  exerted  on  the  earth  itself  by  the  easterlies  farther 
south  and  north. 

It  follows  from  the  previously  established  rule  for  the  relation  be- 
tween wind  and  pressure  that  the  sea  level  pressure  must  drop  from 
the  Pole  southward  to  about  00°  X.,  then  rise  to  about  30°  X..  and 
finally  drop  from  there  on  toward  the  Equator.  At  higher  levels, 
where  the  wind  is  everywhere  westerly,  the  pressure  rises  steadily 
from  the  Pole  toward  the  Equator.  Thus  at  sea  level  a  trough  of  low 
pressure  is  established  in  latitude  60°  and  a  ridge  of  high  pressure  in 
the  vicinity  of  30°  X.  The  observed  mean  pressure  as  a  function  of 
latitude  for  the  winter  1938-39,  shown  in  figure  5,  is  in  good  agreement 
with  the  result  of  the  previous  analysis. 

Climatic  Zones 

By  this  time  it  becomes  possible  to  talk  of  climatic  zones.  The 
ascending  motion  in  the  equatorial  region  will  obviously  be  attended 
by  a  great  deal  of  eonvective  activity,  violent  because  of  the  extreme 
instability  of  the  vertical  temperature  drop.  Owing  to  the  absence  of 
horizontal  contrasts,  this  eonvective  activity  will  follow  the  sun  with 
a  great  deal  of  regularity  and  produce  the  heavy  afternoon  showers 
characteristic  of  this  climatic  zone.  The  air  descending  in  the  horse 
latitudes  will  have  lost  a  great  deal  of  its  moisture,  and  the  descending 
motion  leads  to  warming  by  compression  at  intermediate  levels.  Thus, 
in  spite  of  relatively  high  surface  temperatures,  the  vertical  temper- 
ature drop  is  fairly  weak  and  the  air  itself  so  dry  as  to  prevent  convec- 
tion. This  region,  then,  will  be  characterized  by  an  arid,  or  semiarid, 
climate. 

The  region  of  ascending  motion  around  oo°  or  60°  X.  will  obviously 
be  characterized  by  a  great  deal  of  precipitation  from  the  ascending 
air.     It  also  is  evident  that  this  precipitation  will  be  of  an  entirely 

5  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  654 
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.em  Hemisphere.     This  difference  in  behavior  results  fiwrn  tie 

.em  Hemisphere,  which  leads  to  a  icmfi  ijpwii. 
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disturbances  and  brings  out  clearly  the  quasi-permanent  character  of 
the  centers  of  action  listed  above. 

Of  late  such  mean  pressure  charts  for  periods  of  a  week,  a  month, 
or  a  season  have  received  a  great  deal  of  attention.  When  a  sequence 
of  weekly  mean  charts  is  studied  it  is  found  that  the  centers  of  action 
may  move  very  slowly,  eastward  or  westward,  several  weeks  in  suc- 
cession. Frequently  one  or  several  of  these  centers  of  action  may 
break  up  into  several  parts.  With  the  breaking  up  of  the  zonal 
pressure  distribution  into  separate  centers  of  action  or  cells  goes  a 
breaking  up  of  the  mean  polar  front  into  two,  three,  or  four  separate 
portions,  usually  extending  from  southwest  to  northeast.  The  posi- 
tion of  these  separate  mean  fronts  is  determined  by  the  size,  develop- 
ment, and  position  of  the  individual  centers  of  action.  Since,  on  the 
other  hand,  most  of  the  storms  which  control  weather  in  our  latitudes 
move  along  the  frontal  zones  thus  established,  it  is  easy  to  see  why 
it  is  imperative  to  understand  the  factors  which  lead  to  the  break-down 
of  the  ideal  zonal  circulation  into  individual  centers  of  action.     As  a 


Figure    6. — Normal    sea-level-pressure    distribution    (millibars)    over    the    Southern 

Hemisphere  in  July.      (From  (21).)      Compare  this  with  figure  7  and  note  the  great 

regularity  and  symmetry  of  the  pressure  distribution  in  the  Southern  Hemisphere,  due, 

presumably,  to  the  absence  of  large  land  masses. 


-   -  ■  -         :  i  -  -  -  - 

iy  flow  patterns  that  can  exist  on  the  earth. 

•mown  fact  in  mechanics  that  a  rotating  rigid  body  wil 

produces  a  moment  around  the  axis  of  rotation.     If  the 

- 

-imple  principle  can  be  applied  to  vertical  columns  of  air  as  they 

face  of  the  earth,  hot  in  so  doing  one  must  keep  in 

mind  that  the  earth  itself  is  everywhere  in  a  state  of  rotation  around 

rtieal.     To  demonstrate  this  rotation  it  is  sufficient  to  refer  to 

the  case  of  an  ordinary  freely  suspended  pendulum,  which  swings  back 

and  forth  in  a  vertical  pLane.     If  a  pointer  is  attached  to  the  pendulum 

lo  trace  the  path  of  the  pendulum  in  a  sand  bed 

ind  that  the  plane  of  the  pendnium  slowly  turns 

clock  hem  Hemisphe  he  Pole  the  plane  of 

oscillation  would  make  one  complete  turn  (360°)  in  24  hoars;  in  latitude 


l 
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30°  it  turns  more  slowly,  making  one  complete  turn  in  48  hours.  It  is 
well  known  that  the  time  of  rotation  of  the  pendulum  plane  may  be 
obtained  by  dividing  24  by  the  sine  of  the  latitude. 

It  is  obvious  that  this  rotation  of  the  plane  of  oscillation  simply 
means  that  below  our  feet  the  earth  rotates  counterclockwise  (clock- 
wise in  the  Southern  Hemisphere),  rapidly  at  the  Poles  and  more 
and  more  slowly  as  we  approach  the  Equator.  Vertical  air  columns 
which  move  from  one  latitude  to  another  tend  to  take  their  rotation 
with  them.  Thus,  a  current  of  air  originating  in  high  northerly 
latitudes,  where  the  cyclonic  (counterclockwise)  rotation  of  the  earth 
is  strong,  and  moving  southward  to  a  latitude  where  the  cyclonic 
rotation  of  the  earth  is  weak,  will  possess  an  excess  cyclonic  rotation 
around  the  vertical  over  that  of  the  earth  itself  when  it  arrives  at  its 
destination.  This  excess  rotation  can  express  itself  in  two  different 
ways  or  in  a  combination  of  both,  as  illustrated  in  figure  8. 
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Figure  8. — Changes  in  current  structure  resulting  from  southward  and  northward 
movements  in  the  Northern  Hemisphere:  A,  A  narrow  current  moving  southward 
would,  if  forced  to  follow  a  straight  path,  acquire  a  strong  cyclonic  (counterclockwise) 
shear;  B,  if  free  to  seek  its  own  path,  it  would  curve  around  cyclonically;  C,  a  narrow 
current  moving  northward  would,  if  forced  to  follow  a  straight  path,  acquire  a  strong 
anticyclonic  (clockwise)  shear;  D,  if  free  to  seek  its  own  path,  it  would  curve  around 
anticyclonically.  In  all  cases  the  current  would  pile  up  air  on  the  right-hand  side 
looking  downstream,  but  the  slight  deflections  needed  to  bring  this  about  would  not 
materially  affect  the  flow  patterns  illustrated. 
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Tne  current  ram  follow  a  straight  path  but  develop  a  shear  so  that 
the  miit  edge  of  the  current  (looking:  downstream)  moves  faster 
than  the  left  edge  (fig.  8,  A).  In  the  atmosphere  there  ai 
influences  at  work  that  normally  prevent  the  development  of  strong 
shear  zones  and  lead  to  the  establishment  of  currents  of  fairly  uniform 
velocity  cross-stream.  In  that  case  the  current  is  forced  to  bend 
around  cyclically,  as  indicated  in  figure  8,  B.  Figures  8,  C  and 
8,  D.  illustrate  the  corresponding  effects  in  a  northbound  current 
developing  anticyclonic  (clockwise    rotation. 

When  tie  mean  zonal  circulation  was  discussed,  a  uniform  seeping 
southward  of  cold  air  from  high  latitudes  was  assumed.  In  that 
case  there  is.  of  course,  no  possibility  for  the  establishment 
cJonirany  curved  stream  hues,  and  the  excess  of  cyclonic  rotation  m 
the  southward-moving  belt  of  cold  air  should  therefore  lead  to  strong 
cyclonic  shear  in  the  northern  belt  of  easterlies.  Likewise,  in  the 
free  atmosphere,  where  rings  of  air  are  displaced  northward  toward 
regions  where  the  earth  itself  rotates  more  rapidly  counterclo 
(cyclonicaQy)  around  the  vertical,  the  resulting  deficiency  in  rotation 
of  the  displaced  air  columns  must  express  itself  in  the  form  of  anti- 
cyclonic  shear.  However,  in  both  cases  it  can  be  said  that  the 
statistical  mean  northward  and  southward  velocities  associate*: 
the  general  circulation  between  latitudes  are  so  weak  that  frictional 
forces  of  all  kinds  have  ample  time  to  prevent  the  establishment  of 
sharp  shear  zones.  The  situation  is  different  in  the  case  of  air  cur- 
rents that  for  some  reason  or  other  are  definitely  deflected  from 
their  east-west  motion.  In  these  currents  latitude  changes  occur  so 
quickly  that  the  frictional  forces  have  inadequate  time  to  act.  In 
such  currents,  the  excesses  or  deficiencies  in  rotation  have  a  tendency 
to  produce  curved  flow  patterns.  Initially  straight  currents  from 
the  north  curve  around  cycloiucally,  currents  from  the  south  curve 
around  anticyclonicalry. 

It  is  particularly  interesting  to  apply  these  results  to  a  stu 
the  stability  of  west-wind  or  east-wind  belts  of  limited  width.  If  a 
current  bom  the  west  at  some  point  in  its  path  is  subjected  to  a 
cyclonic  torque  which  gives  it  a  slight  deflection  northward,  it  follows 
that  the  current  from  then  on  will  head  toward  higher  latitudes, 
where  the  rotation  of  the  earth  itself  around  a  vertical  becomes 
stronger  and  stronger.  Thus  the  relative  cyclonic  rotation  (curva- 
ture^ which  the  current  acquired  at  the  initial  point  of  deflection  will 
decrease  and  eventually,  after  sufficient  displacement  northward, 
change  into  an  anticyclonic  curvature.  The  current  will  then  finally 
bend  back  toward  its  equilibrium  position.  As  it  moves  southward 
it  will  pick  up  cyclonic  relative  rotation  (curvature),  and  the  net 
effect  wul  be  a  sinusoidal,  or  wavelike,  oscillation  of  the  west-wind 
:-r~:  .-.:■:._:_.:  i  .-::.=,::  ::.—  :.  '...::'.:.  :.r  *..::.  ::...:  ::.-  ...::-.-:.".  *.v:_".  :'  nn 
a  series  of  standing  waves  downstream  from  the  point  at  which  it 
was  disturbed  initially. 

The  amplitude  of  these  waves  depends  upon  the  intensity  of  the 
initial  disturbance,  but  the  wave  length  depends  principally  on  the 
strength  of  the  west-wind  belt.  The  stronger  the  wind,  the  longer 
the  wave  length.  For  the  wind  velocities  prevailing  in  the  upper 
troposphere  in  our  middle  latitudes  in  wintertime.  ngth 

is  of  the  order  of  magnitude  of  5,000  kilnm^torB  (3,000  miles).     These 
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Figure  9. — Diagram  of  waves  on  a  broad  west -wind  belt,  showing  troughs  of  low 
pressure  and  ridges  of  high  pressure. 

1  'resonance"  waves  give  us  a  length  scale  for  the  large  semipermanent 
centers  of  action  into  which  the  previously  described  symmetric 
zonal  circulation  actually  breaks  up. 

If  the  same  type  of  reasoning  is  now  applied  to  a  narrow  current 
from  the  east,  which  at  a  given  point  in  its  path  is  given  a  slight 
cyclonic  rotation  (cyclonic  curvature),  it  follows  that  the  current  from 
then  on  moves  slightly  southward.  However,  the  farther  south  it 
moves,  the  stronger  will  be  the  cylonic  rotation  of  the  current,  since  it 
is  constantly  moving  toward  latitudes  where  the  earth's  own  cylonic 
rotation  around  the  vertical  becomes  weaker  and  weaker.  Thus  the 
current  is  deflected  farther  and  farther  away  from  its  equilibrium 
latitude.  Finally  it  will  have  turned  around  completely  and  will  then 
appear  as  a  west  wind,  but  with  sufficiently  strong  cylonic  curvature 
to  return  to  its  original  path.  If  the  current  had  originally  been 
deflected  northward  it  would  describe  a  complete  anticyclonic  circuit. 
This  may  be  of  importance  in  connection  with  the  breaking  up  of  the 
high-pressure  belt  around  latitude  30°.  It  is  fairly  evident  that  the 
cold  easterly  winds  to  the  north,  because  of  the  large  body  of  cold  air 
over  the  Arctic,  are  constrained  to  break  up  into  cyclonic  vortices. 

The  analysis  shows  that  easterly  winds  are  unstable  and  tend  to 
break  up  into  large  cyclonic  or  anticyclonic  eddies.  The  dimensions  of 
the  eddies  thus  formed  increase  with  the  velocity  of  the  east  wind 
itself,  and  they  agree  reasonably  well  with  the  dimensions  of  the  cy- 


w 


Figure  10. — The  upper  curve  represents  the  path  of  a  narrow  east -wind  belt  which 
has  received  a  small  initial  deflection  northward.  The  lower  curve  represents  the  path 
of  a  current  which  has  received  an  initial  deflection  southward.  Since  a  current  in  a 
state  of  steady  motion  cannot  intersect  itself,  the  analysis  suggests  that  narrow  east- 
wind  belts  are  unstable,  resulting  in  the  intermittent  formation  of  large  vortices. 
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clonic  centers  of  action  referred  to  above.     F  _  .'.lustrates  a  steady- 

resonance  wave  on  a  broad  west-wind  belt  and  figure   10  the  trajec- 
tory of  a  deflected  east-wind  belt  of  narrow  width. 

To  completely  understand  the  behavior  of  cold  currents  from 
north  a  further  reference  should  be  made   to   the  spinning-marble 
experiment  discussed  earlier.    It  was  pointed  out  that  by  a  shortening 
of  the  string  the  marble  could  be  made  to  spin  faster  and  by  a  lend- 
ing of  the  string  to  spin  more  slowly.     In  the  same  way. 
edge,  or  periphery,  of  a  rotating  column  of  air  which     -   -       .ehed 
vertically  and  shrunk  horizontally  will  spin  around  more  rapi 
the  column  shrinks  vertically  and  stretches  horizontally  i: 
more  slowly.    In  applying  this  residt  to  ver:  urns  in  the  I 

phere  it  is  necessary  to  consider  the  absolute  rotation.    It  thus  follows 
that   air  columns  which  stretch  vertically  must   acquire  an 
(cyclonic)  rotation  relative  to  the  earth,  while  air  columns  which  shrink 
vertically  acquire  a  deficient    (anticyclonie  |   rotation  relative  to  the 
surface  of  the  earth. 

It   is  a  well-established  fact   that   cold  currents   from   the  north 
gradually  sink  and  spread  out  next  to  the  surface  of  the  earth, 
sinking  is  most  marked  along  the  right-hai.         _       :  the  cold  current 
(for  an  observer  facing  downstream) .    Thus  the  left-hand  branch  of  the 
current  curves  around  cyclonically  as  a  residt  of  the  decree 
latitude,  but  the  right-hand  branch,  in  which  sti      _   -inking  oc 
curves  around  anticyclonicallv.    As  a  result  the  deflected  cold  current 
spreads  south  in  a  fanlike  fashion. 


Fi'.iRE  11. — Break -down  oftheaonaJ  {x.lur  front  jikI  eetanhslnncMl  •  >f  a  typical  branch 
front  through  the  injection  of  [*»lar  air  into  a  trough  in  the  westerlies.  Subsadiae, 
un.len  uttinjz  branches  of  the  jx.lar  air  take  <>n  anti«  j  Una 

n.Mi-ub-idms  bran<  ;  •  -  \»  ;il  cun  e  .\r>  >und  rj  i  V  ancaJK  an.i  t'  m  the  lefl  edge  ••{'  the  cold 
v*ave.     The  p. -Lr  fr<  »nt  i>  indicates!  by  a  barbed  line. 
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Figure  12. — Injection  of  polar  air  into  a  slanting  trough  of  the  westerlies.     Such 

troughs  may  easily  form  as  a  result  of  thermal  perturbations  of  the  westerlies  set  up 

along  the  slanting  eastern  coast  lines  of  Asia  and  North  America-Greenland. 

If  for  some  reason  the  westerlies  of  middle  latitudes  are  disturbed 
and  a  quasi-stationary  wave  pattern  is  established,  the  pressure  will 
drop  wherever  a  wave  trough  is  being  established.  Cold  air  from 
the  north  will  be  pulled  into  these  low-pressure  troughs.  Hence 
intermittent  outbreaks  of  cold  polar  air  from  the  previously  undis- 
turbed east-wind  belt  to  the  north  are  likely  to  occur  wherever  there 
is  a  trough  toward  the  south  in  the  westerlies.  Corresponding  out- 
breaks of  warm  and  moist  air  from  the  southern  belt  of  easterlies 
tend  to  occur  where  the  westerlies  are  deflected  northward.  One 
obtains  in  this  way  the  pattern  of  flow  illustrated  in  figure  1 1 ,  which 
in  several  respects  well  describes  the  observed  flow  pattern  in  the 
atmosphere.  It  is  obvious  that  this  pattern  leads  to  a  breaking  up 
of  the  polar  front  into  separate  portions  which  run  roughly  from 
southwest  to  northeast.  Along  these  individual  polar  fronts,  waves 
form  which  move  northeastward  and  gradually  die  out  in  the  central 
low-pressure  areas  to  the  north. 

Figure  12  represents  a  modification  of  figure  11  obtained  by  assum- 
ing that  the  crests  and  valleys  of  the  quasi-permanent  waves  in  the 
west-wind  zone  extend  from  southwest  to  northeast,  parallel  to  three 
of  the  four  principal  boundaries  between  oceans  and  continents 
in  the  Northern  Hemisphere.  This  theoretical  picture  agrees  remark- 
ably well  with  the  observed  mean  pressure  and  frontal  distribution 
in  any  one  of  the  principal  frontal  zones  of  the  Northern  Hemisphere. 

To  each  speed  of  the  westerlies  corresponds  one  definite  resonance 
wave  length,  and  this  wave  length  increases  with  increasing  strength 
of  the  westerlies.  Thus  it  appears  that  the  number  of  points  where 
polar  air  is  simultaneously  injected  into  the  west-wind  zone  depends 
upon  the  strength  of  the  westerlies  and  decreases  as  the  westerlies 
increase.  In  the  Southern  Hemisphere,  where  land  masses  are 
relatively  insignificant  or,  in  the  case  of  the  Antarctic  Continent, 
symmetrically  distributed,  these  injection  points  may  occur  in  any 
longitude  and  thus  the  mean  wind  and  pressure  distributions  should 
appear  fairly  uniform  around  the  globe.  In  the  Northern  Hemi- 
sphere, on  the  other  hand,  preferential  injection  points  are  established, 
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and  the  final  mean  pressure  distribution  is  thus  far  from  symmetric 
around  the  axis  of  the  earth. 

INTENSITY  FLUCTUATIONS  IN  ZONAL  CIRCULATION 
AND  THE  CIRCULATION  INDEX 

In  view  of  the  fact  that  the  dimensions  and  positions  of  the  circula- 
tion patterns  associated  with  strong  and  weak  circulation  differ  in  a 
characteristic  fashion,  it  is  evidently  important  to  develop  a  simple 
index  to  the  intensity  of  the  zonal  circulation.  It  has  been  pointed 
out  previously  that  the  surface  westerlies  in  middle  latitudes  form  a 
part  of  a  reverse  meridional  circulation  cell  which  is  driven  by  the 
direct  cells  to  the  north  (polar-front  cell) ' and  to  the  south  (trade- 
wind  cell).  Because  of  this  frictional  drive  it  is  reasonable  to  assume 
that  these  surface  west  winds,  at  least  qualitatively,  furnish  a  good 
measure  for  the  variations  in  the  general  zonal  circulation  of  the 
atmosphere.  A  simple  measure  of  the  intensity  of  these  sea  level 
westerly  winds  may  be  obtained  by  taking  the  difference  between 
the  mean  pressure  observed  in  latitude  35°  N.,  near  the  center  of  the 
subtropical  high,  and  the  mean  pressure  observed  in  latitude  55°  N., 
just  south  of  the  pressure  trough  normally  prevailing  in  the  vicinity 
of  latitude  60°  N.  This  mean-pressure  difference  is  very  nearly 
proportional  to  the  mean  wind  component  from  the  west  prevailing 
within  this  zone,  if  surface  frictional  forces  are  disregarded.  In  view 
of  the  variations  in  the  difference  between  the  mean  temperature  of 
an  air  column  in  latitude  35°  N.  and  another  air  column  in  latitude 
55°  N.,  it  is,  unfortunately,  impossible  to  use  the  same  mean-pressure 
difference  as  a  quantitative  measure  of  the  mean  west-wind  component 
at  higher  levels  within  the  same  zone,  but  it  should  at  least  serve  as  a 
qualitative1  index  to  the  variations  in  circulation  intensity  at  higher 
levels. 

Mean  weekly  values  of  this  circulation  index  have  been  computed 
since  1986  and  show  amazingly  strong  fluctuations  from  week  to  week 
in  the  circulation  intensity.  During  the  winter  season  these  fluctua- 
tions range  from  an  index  value  of  about  15  millibars  to  one  of  about 
—  5  millibars,  the  latter  value  indicating  an  actual  reversal  of  flow  in 
the  surface  layers  (east  wind).  These  fluctuations  are  well  illustrated 
by  the  curve  in  figure  13.  The  variations  in  circulation  intensity  are 
obviously  fairly  irregular,  but  it  is  also  evident  that  trends  persisting 
through  3  or  4  weeks  are  fairly  common  during  the  winter.  The  irreg- 
ularity of  the  variations  in  circulation  intensity  is  sufficiently  pro- 
nounced to  effectively  eliminate  all  possibility  of  long-range  forecasting 
on  the  basis  of  periodicities,  but  the  persistence  tendency  in  the  index 
curve  is  sufficiently  high  to  permit  judicious  extension  (extrapolation) 
of  a  trend  for  a  week  at  a  time.  During  the  summer  the  fluctuations 
in  circulation  intensity  are  somewhat  smaller  and  also  more  irregular. 
It  is  hard  to  see  how  adequate  short-term  long-range  weather  fore- 
casts can  be  developed  until  there  is  an  adequate  understanding  of 
these  amazing  fluctuations  in  the  zonal  circulation  intensity. 

It  has  already  been  mentioned  that  the  energy  of  the  westerlies 
depends  upon  the  meridional  circulation  between  heat  sources  and 
cold  sources  in  the  two  direct  meridional  cells,  to  the  north  and  to  the 
south  of  the   westerlies.      It  would,   therefore,  seem    probable   that  a 


622     •      Yearbook  of  Agriculture.  1941 


<n     15 


wZ     10 


•  1  1   <1<  1   |  1  1  l  l  •   i  l  1  I    M  i  i  l  !  I  I   l  l   I  l  l  l  i  I  |  l  i  I  l  I  I  ■  i  I  i  l  i  I  l  I   i  l  1  M  '■  1  I  1   I  1  I  I  I  1  1  1  1  1  II  1  1  1  M  1T1T 

11  I  1 1  I  1  HI  1  1  1  1  1  1  1  1  1  1 1  1  1  III  1  1  1  1  1  1  1 1  II  1  1  1  1  1 1  1 1.1.1  J-I_ll-Jj  1  1  H  1  I  1  II 1  1  1  1 1 1  1  1  I  i   i  i 

WEEK  BEGINNING 
NOV.15,1936  JAN.3,1937 


JULY  4,1937 


JAN.  2,1938 


Figure  13. — Zonal  circulation  variations  during  the  period  November  1936— May  1938. 
(Adapted  from  (2).)  This  index  to  the  zonal  circulation  is  computed  weekly  as  the 
difference  between  the  mean  pressure  at  latitude  35 c  and  the  mean  pressure  at  latitude 
55 :.  The  greater  this  index  is.  the  stronger  the  prevailing  west  wind  in  middle  lati- 
tudes. Note  the  large  amplitude  of  fluctuations  in  winter,  particularly  the  occurrence 
of  long  trends  downward  or  upward  through  several  weeks  in  succession. 

satisfactory  understanding  of  the  variations  in  the  zonal  circulation 
intensity  cannot  be  reached  until  fairly  complete  temperature  and 
humidity  data  from  the  upper  atmosphere  over  the  entire  Northern 
Hemisphere  are  available  in  the  form  of  daily  routine  measurements. 
No  adequate  physical  theory  is  available  at  the  present  time  from  which 
the  fluctuations  in  circulation  intensity  may  be  computed,  but  recent 
studies  suggest  that  these  fluctuations  may  be  associated  with  the  inter- 
mittent establishment  of  a  direct  inflow  of  deep,  moist  air  from  the 
equatorial  trade-wind  belt  into  the  westerlies  of  middle  latitudes. 
There  is  good  reason  to  hope  that  the  problem  of  the  circulation 
fluctuations  will  be  brought  much  closer  to  its  solution  within  the 
next  few  years. 


INFLUENCE  OF  LAND  MASSES  AND  OCEANS  ON  THE 
CIRCULATION  PATTERN 

In  older  writings  it  is  sometimes  stated  that  the  difference  between 
land  climate  and  sea  climate  is  caused  by  the  difference  in  specific 
heat  between  water  and  solid  rock.  It  is  more  correct  to  emphasize 
that  the  upper  layers  of  the  ocean  are  nearly  always  in  a  state  of 
violent  stirring  whereby  heat  losses  or  heat  gains  occurring  at  the  sea 
surface  are  distributed  throughout  large  volumes  of  water.  This 
mixing  process  sharply  reduces  the  temperature  contrasts  between 
day  and  night  and  between  winter  and  summer. 

In  the  ground,  there  is  no  turbulent  redistribution  of  heat,  and  the 
effect  of  molecular  heat  conduction  is  very  slight.  Thus  violent  con- 
trasts between  seasons  and  between  day  and  night  are  created  in  the 
interior  of  continents.  During  the  winter  the  snow  cover  which  ex- 
tends over  large  portions  of  the  northern  continents  reflects  back 
toward  space  a  large  part  of  the  sparse  incident  solar  radiation. 
For  these  various  reasons  the  northern  continents  serve  as  efficient 
manufacturing  plants  for  dry  polar  air.  The  polar  air  cap  is  no 
longer  symmetric  but  is  displaced  far  to  the  south,  particularly  over 
the  interior  of  Asia.  This  in  turn  means  that  the  mean  polar-front 
zone  is  deformed  and  tends  to  follow  the  boundaries  of  the  northern 
continent-,  extending  northeastward  along  the  Pacific  coast  of  Asia. 
then   southeastward   along   the   Rockies,  ^and   finally   northeastward 
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along  our  Atlantic  coast  toward  Iceland.     Our  knowledge  of  the  upper 
lies  at  high  levels  ry  incomplete,  but  it  appears  that 

they.  too.  are  displaced  southward  orer  the  Asiatic  Continent. 

The  polar  air  which  is  being  steadily  manufactured  over  the  in- 
terior polar  front  which  in  the  main  follows  the 
Pacific  coast  line  of  that  continent.  Just  as  pure  easterly  winds 
are  established  behind  the  mean  polar  front  on  a  symmetric  globe, 
northeasterly  winds  wiii  be  established  to  the  north  and  west  of  the 
■  polar  front  and  southwesterly  winds  south  and  east  of  the 
same  front.  This  arrangement  of  currents  is,  however,  highly  un- 
stable. It  has  already  been  brought  out  that  currents  from  the 
north  tend  to  ass  tune  cyclonic  curvature  unless  they  have  an  op- 
portunity to  sink  and  spread  out.  The  cold  currents  from  the  north 
behind  th  polar  front  cannot  spread  out  toward  the  interior 
where  still  deeper  masses  of  cold  air  are  stored.  Hence  they  must 
stream  south  over  the  Pacific,  and  these  intermittent  outbursts  help 
to  maintain  a  deep  cyclonic  vortex  off  the  Pacific  coast  of  Asia. 

The  air  masses  which  are  found  south  and  east  of  the  Asiatic 
frontal  zone  and  at  higher  levels  stream  toward  the  Aleutian  Islands. 
As  they  move  northward  they  must  gradually  curve  around  anti- 
cyclonically  (clockwise  [1  -  already  been  pointed  out  that  the 
wave  length  of  such  an  oscillating  west-wind  belt  increases  with 
increasing  wind  v^  _ee,  if  the  southwest  or  west-southwest 

winds  off  the  are  sufficiently  strong  they  will  follow  the 

boundaries  of  the  north  Pacific  Ocean,  curving  around  anticyclonically 
as  a  result  of  their  northward  displacement.  In  this  case  a  single 
frontal  zone  is  established,  along  which  storms  move  rapidly  in  an 
eastward  direction,  c:  _     iie  Pacific  coast  of  North  America  in 

fairly    high    latitudes      British    Columbia,    Washington,    Oregon). 

On  the  other  hand,  as  the  southwtr-  uads  off  the  coa- 

China  grow  weaker,  they  tend  to  curve  around  anticyclonically  much 
more  sharply.  A  trough  of  low  pressure  may  then  be  created  in  the 
middle  or  eastern  part  of  the  Pacific,  and  thus  another  injection  point 
for  polar  air  may  be  established.  A  new  polar  front,  extending 
aa  the  mid-Pacific  from  southwest  to  northeast,  may  thus  be 
established  by  purely  dynamic  means,  whenever  the  general  circula- 
-  rins  waves)  traveling  northeastward  along 
this  polar  front  bring  moist ,  southerly  winds  to  California.  These 
moist  air  re  trapped  between  the  Pacific  polar  front  on  the 

<»ne  hand  and  the  mountains  and  the  cold  air  masses  over  the  continent 
on  the  other.     Th  nerefore  forced  to  ascend,  and  in  so  doing 

they  probably  produce  a  large  portion  of  the  winter  rains  in  southern 
and  central  California. 

result  of  the  production  of  polar  air  over  Greenland  and  the 
North  American  continent,  another  polar-front  zone  is  established 
over  the  K  States  ling  from  the  lo  —  ssippi  Valley 

over  New  midland,  and  the  northern  North  Atlantic 

toward  north  circulation  in  middle  latitudes 

is  very  weak.  antic  polar  front  may  be  established  over 

A  .antic  polar  front  appears 
to  be  a  more  infrequent  phenomenon  than  the  doubling  of  the  Pacific 
polar  front. 
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Figures  14  and  15  represent  an  attempt  at  a  comparison  of  the 
observed  pressure  distribution  during  a  period  of  very  weak  zonal 
movement  in  middle  latitudes  with  the  computed  air  trajectories 
during  a  period  of  weak  circulation.  The  observed  pressure  distribu- 
tion (fig.  14)  shows  that  the  Aleutian  low  has  split  into  two  separate 
centers,  one  off  Kamchatka  and  one  in  the  Gulf  of  Alaska.  Like- 
wise, the  Icelandic  low  has  split  up,  with  one  center  over  Labrador 
and  a  second  center  in  the  form  of  a  long  trough  extending  south- 
westward  from  Spitzbergen  to  a  point  off  Ireland.  The  center 
positions  of  these  observed  cyclonic  whirls  agree  fairly  well  with  the 
computed  circulation  centers  in  figure  15. 

In  computing  this  last  circulation  diagram  it  was  assumed  that  the 
easterlies  to  the  north  have  a  mean  velocity  of  8.9  meters  per  second, 
the  westerlies  in  middle  latitudes  a  mean  velocity  of  15.5  meters  per 
second,  and  the  easterlies  still  farther  to  the  south  a  mean  velocity 
of  about  13.3  meters  per  second.  These  velocities  were  chosen  so  as 
to  give  a  proper  wave  length  for  the  westerlies  and  the  proper  di- 
mensions for  the  cvclonic  and  antic vclonic  eddies  to  the  north  and 


Figure  14. — Mean  sea -level-pressure  distribution  (millibars)  during  a  week  of  slow 
zonal  circulation.  November  14-20,  1937.  (From  (2).)  Note  two  separate  low-pres- 
sure centers  in  the  Pacific,  a  well-developed  continental  high  in  North  America,  the 
split  character  of    the  Icelandic  low,   and  the    displacement   toward  Europe  of  the 

Asiatic  high. 
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south.  Thus  the  only  claim  that  can  be  made  for  this  theoretical 
analysis  is  that  with  reasonable  values  for  the  prevailing  zonal  winds 
it  leads  to  flow  patterns  of  a  high  degree  of  verisimilitude.  In  view 
of  the  disturbing  influence  on  the  mean  zonal  pressure  distribution  of 
the  relatively  shallow,  cold  anticyclones  over  Asia  and  North  America, 
it  is  impossible  to  start  the  analysis  from  the  observed  zonal  pressure 
distribution. 

It  is  fairly  apparent  that  both  the  theoretical  and  the  observed 
circulation  imply  the  existence  of  double  polar  fronts  both  in  the 
Pacific  and  in  the  Atlantic.  The  positions  of  these  mean  fronts  have 
been  indicated  by  broken  lines  in  figure  15. 

During  periods  of  strong  circulation  the  theoretical  resonance  wave 
length  analyzed  previously  becomes  too  large  for  the  development 
of  two  frontal  zones  either  in  the  Pacific  or  in  the  Atlantic.  The 
resonance  wave  pattern  is  no  longer  free  to  develop,  and  the  circula- 
tion pattern  is  probably  mainly  a  function  of  the  distribution  of  conti- 
nents and  oceans. 


Figure  15. — An  example  of  tin-  theoretical  planetary  Bow  pattern  for  weak  zonal 
circulation.  Compare  this  diagram  with  figure  I  1  and  note  the  presence  in  both  of  a 
split  Aleutian  low  and  a  split  Icelandic  low,  with  one  branch  centered  over  eastern 
North  America.  In  comparing  the  two  diagrams  it  should  be  remembered  that  the 
wave  pattern  of  the  westerlies  indicated  here  i^  in  reality  (fig.  I  I)  obscured  by  shallow 
cold-air  anticyclones  but  that  it  would  appear  clearly  on  a  corresponding  chart  for  the 

3-kilometer  level. 
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Figure  16  is  typical  of  the  mean  pressure  distribution  during  periods 
of  strong  circulation.  A  comparison  between  figures  14  and  16  reveals 
certain  marked  contrasts  which  appear  to  be  typical. 

During  periods  of  strong  circulation  both  the  Aleutian  and  the 
Icelandic  lows  are  characterized  by  single,  well-developed  centers  and 
by  large  dimensions.  The  Aleutian  low  is  then  normally  located  near 
the  Alaskan  Peninsula  and  the  Icelandic  low  in  the  vicinity  of  Iceland 
or  even  east  and  north  of  it. 

During  periods  of  weak  circulation  one  or  the  other  or  even  both  of 
these  centers  split  into  two  separate  cells  of  smaller  dimensions  than 
normal.  One  part  of  the  Aleutian  low  may  be  found  near  Kamchatka; 
one  in  the  Gulf  of  Alaska.  At  the  same  time  the  Icelandic  low  is 
frequently  displaced  westward  and  southward,  or  it  may,  as  in  figure 
14,  split  into  two  cells. 

During  periods  of  strong  circulation,  a  fairly  well  developed  high- 
pressure  area,  often  referred  to  as  the  Great  Basin  high,  is  usually 
found  over  the  southern  portion  of  the  Rocky  Mountain  States,  This 
is  really  a  part  of  the  subtropical  (warm)  high-pressure  area.  North 
of  this  high-pressure  area  there  is  a  rapid  inflow  of  relatively  mild 


Figure  16. — Mean  sea-level-pressure  distribution  (millibars)  during  a  week  of  strong 
zonal  circulation  (January  9-15,  1938).  (From  (2).)  Note  the  presence  of  a  single 
strong  Aleutian  low,  a  single  Icelandic  low,  and  the  displacement  toward  the  Pacific  of 

the  Asiatic  high. 
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Pacific  air  masses  over  the  United  States,  and  rapid  air  motion  east- 
ward prevails  over  the  Northern  States.  There  are  very  few  indica- 
tions of  the  development  of  a  cold  continental  anticyclone  over  the 
interior  of  this  continent. 

During  such  periods  of  strong  circulation,  maritime  inflow  from 
the  southwest  characterizes  weather  conditions  in  northwestern 
Europe.  Both  our  Pacific  Northwest  and  northwestern  Europe  are 
then  dominated  by  a  rapid  succession  of  wave  cyclones — warm,  moist, 
subtropical  air  masses  alternating  with  relatively  mild,  maritime  polar 
air  masses  moving  in  from  the  west  or  northwest.  Rainfall  on  the 
Pacific  coast  occurs  mainly  far  to  the  north,  in  British  Columbia  or 
Washington  and  Oregon. 

Finally,  during  such  periods  of  strong  circulation,  the  Asiatic  high 
appears  to  be  displaced  toward  the  Pacific  side  of  Eurasia. 

On  the  other  hand,  as  the  zonal  circulation  of  middle  latitudes 
weakens  and  finally  reaches  a  minimum  value,  there  is  a  marked 
tendency  for  the  Great  Basin  anticyclone  to  disappear  and  for  a 
strong  continental  anticyclone  to  develop  over  the  interior  of  North 
America.  The  center  of  this  anticyclone  is  located  far  to  the  north, 
in  Canada,  and  a  wedge  of  high  pressure  extends  southward  into  the 
United  States.  Thus,  in  the  surface  layers,  there  is  very  little  air 
movement  from  west  to  east  across  North  America.  At  the  same 
time,  the  Asiatic  anticyclone  is  usually  displaced  westward,  toward 
Europe.  The  effects  of  these  pressure  changes  on  weather  conditions 
are  profound.  There  will  now  be  an  outflow  of  cold  continental  air 
from  the  east  over  Alaska  and  even  over  British  Columbia,  and  another 
outflow  from  the  southeast  of  extremely  cold  continental  air  from 
Asia  over  northwestern  Europe. 

The  polar-front  cyclones,  which  move  up  over  the  Pacific  toward 
that  portion  of  the  Aleutian  low  which  during  periods  of  weak  circu- 
lation is  located  in  the  Gulf  of  Alaska,  are  quite  apt  to  bring  with  them 
warm,  moist  air  masses  from  the  southwest.  It  has  already  been 
brought  out  that  these  moist  currents  are  frequently  trapped  between 
the  polar  air  masses  which  come  down  over  the  Pacific  to  the  west  and 
the  mountains  and  continental  air  masses  to  the  east.  Thus  forced 
to  ascend,  the  moist  air  yields  heavy  rainfall  fairly  far  south  on  the 
Pacific  coast. 

During  periods  of  weak  circulation,  the  theoretical  sea-level-pr- 
distribution  is  so  disturbed  through  the  development  of  continental 
anticyclones  that  it  may  become  unrecognizable.  For  this  reason  it  is 
of  some  interest  to  look  at  the  pressure  distribution  at  higher  levels, 
say  3  kilometers  (about  2  miles),  as  determined  with  the  aid  of  upper- 
air  data  now  available  daily  from  a  number  of  stations  in  the  United 
States  (figs.  17  and  18).  In  figure  18,  corresponding  to  a  period  of 
weak  circulation,  there  are  good  indications  of  low-pressure  trough>  off 
the  Pacific  coast  and  east  of  the  Atlantic  coast.  Figure  17,  corre- 
sponding to  a  case  of  strong  circulation,  shows  a  single  well-marked 
trough,  probably  an  extension  of  the  Icelandic  low,  extending  south- 
westward  through  the  Mississippi  Valley. 

During  periods  of  strong  circulation,  characterized  by  strong  west- 

i  movements  in  middle  latitudes,  the  belt  of  westerlies  is  usually 

displaced  somewhat  to  the  north  of  its  normal  position.      Because  of 

the  prevailing  strong  winds,  intense  lateral  mixing  and   turbulence 
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Figure  17. — Mean  utmmnx  (inches)  at  the  3-kilometer  level  for  the  5-<iay  period 
February  2  o- March  2.  1939.  This  map  corresponds  to  a  period  of  strong  circulation. 
(From  2  .  Notice  tbe  general  trend  of  the  isobars  from  west -southwest  to  east- 
northeast  in  the  eastern  half  of  tbe  country,  indicating  a  general  west -southwestern 
wind.  This  type  of  wind  distribution  aloft  in  the  eastern  part  of  the  United  S 
corresponds  to  temperatures  well  ab<>ve  normal. 


Figure  18. — Mean  pressure  inches)  at  the  3-kilometer  level  for  the  5-day  period 
19-23.  1999.  This  map  corresponds  to  a  period  of  weak  circulation.  ,Froin 
(2).)  Notice  the  west -northwest  winds  over  the  Middle  West  and  the  East,  corre- 
sponding to  temperature-  well  below  normal  in  these  sections.  This  pressure  distribu- 
tion Bttggcsta  two  troughs,  one  over  tbe  Atlantic  coast  and  another  over  tbe  Pacific  just 

off  the  California  coast. 
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Figure  20. — Temperature  departure  from  normal,  in  °  F.,  for  a  period  of  maximum 
circulation.     The  index  at  this  time  was  12.5  millibars.      (From  (2).) 


Figure  21. — Temperature  departure  from  normal,  in  °  F.,  for  a  period  of  minimum 
circulation.     The  index  at  this  time  was  —1.4  millibars.      (From  (2).) 

It  should  be  possible  to  establish  relationships  corresponding  to 
(but  not  necessarily  identical  with)  the  ones  described  above,  between 
mean  zonal-index  values  and  mean  circulation  patterns  for  longer 
periods  (months  or  years).  The  establishment  of  such  climatic 
patterns,  having  a  physical  background,  should  be  of  great  value  in 
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Figure  23. — Idealized  polar-front  wave.  (From  Haynes  (10).)  In  the  center  is  a 
horizontal  view  of  the  distribution  of  air  masses  at  the  ground.  The  broken  line  is  the 
boundary  (polar  front)  at  the  ground  between  a  warm  current  from  the  west -southwest 
(white  arrows),  displacing  to  the  east  a  wedge  of  cold  air  (black  arrows)  returning 
northward  from  a  brief  sojourn  in  southern  latitudes.  Along  the  boundary  of  the 
receding  cold  air  (warm  front)  the  warm  air  rises,  and  its  moisture  condenses  and  pro- 
duces a  broad  area  of  rain  or  snow  (shaded  area).  The  upper  part  of  the  diagram 
represents  a  vertical  west-east  section  north  of  the  center,  the  lower  part  a  similar 
section  south  of  the  center.  (A  Str  means  alto-stratus  clouds;  Ni,  nimbus;  Ci  Str, 
cirro-stratus;    Ci,   cirrus;   A   Cu,    alto-cumulus.     Figures   in   the   lower   diagram    are 

approximate.) 

Along  its  advancing  edge  the  warm  air  is  forced  to  rise  over  the  cold 
air.  Because  of  the  resulting  expansion  under  decreased  pressure,  the 
warm  air  cools,  condensation  results,  and  rain  must  fall  within  the 
hatched  area  indicated  in  the  diagram.  In  the  rear  of  the  warm  current, 
cold  air  advances  from  the  northwest;  the  sinking  cold  air  moves  more 
rapidly  than  the  retreating  warm  air  and  forces  the  latter  upward, 
again  producing  condensation  and  precipitation. 

That  portion  of  the  polar  front  along  which  warm  air  replaces  cold 
is  referred  to  as  a  warm  front,  while  the  portion  along  which  cold  air 
replaces  warm  is  called  a  cold  front.  Because  of  frictional  retardation 
along  the  ground,  the  shallow  wedge  of  cold  air  ahead  of  the  warm 
front  moves  fairly  slowly.     At  the  cold  front,  cold  surface  air  is 


Bsttu  of  Madam  Meteorology     •     633 
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indication  of  the  typical  cloud  decks  that  develop  along  the  boundary 
between  the  two  air  masses  in  such  a  polar-front  wave. 

The  ascent  of  warm  air  at  the  warm  front  is  usually  steady,  and  the 
rainfall  has  the  character  of  steady  rain.  If  the  warm  air  is  unstable, 
however,  this  instability  may  be  released  through  forced  ascent,  and 
the  steady  warm-front  rain  may  then  be  intensified  in  spots  into 
violent  convective  rain.  This  occurs  fairly  frequently  in  the  warm- 
front  rains  in  the  southern  part  of  the  United  States  but  it  is  quite 
uncommon  in  northwestern  Europe. 

At  the  cold  front  the  forced  ascent  of  the  warm,  moist  air  is  much 
more  violent  and  intermittent;  it  is  accompanied  by  squally  winds, 
and  the  clouds  are  of  the  cumulus  or  cumulo-nimbus  type. 

Figure  24  shows  a  well-developed  polar-front  wave  over  the  United 
States,  while  figure  25  gives  a  typical  example  of  a  whole  family  of 
wave  disturbances  on  a  polar  front  extending  in  a  southwesterly- 
northeasterly  direction  over  the  eastern  part  of  the  United  States. 

It  has  already  been  brought  out  that  in  the  course  of  the  life  history 
of  a  polar-front  wave,  the  horizontal  amplitude  of  the  wave  increases, 
while  at  the  same  time  the  cold  front  gradually  overtakes  the  slower 
moving  warm  front.  This  process  is  illustrated  through  the  successive 
stages  represented  in  figure  26.  At  the  end  of  this  process,  when  the 
cold  front  has  finally  reached  the  warm  front,  the  warm  section  of  the 
wave  has  been  lifted  to  higher  levels,  and  the  cold  air  has  spread  out 
over  a  larger  area  next  to  the  ground.  Thus  cold  and  warm  air  masses 
originally  lying  side  by  side  are  through  this  process  rearranged  in  a 
more  stable  position,  with  warm  air  above  and  cold  air  below. 
Through  this  rearrangement,  potential  energy  is  released  and  con- 
verted into  kinetic  energy.     The  shallow  layer  of  cold  air  brought 
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FIGURE  25.-   An  example  of  a  family  of  waves  on  a  frontal  zone  extending  from  the 

Gulf  of  Mexico  to  Greenland  during  a  period  of  weak  circulation.    The  symbols  used 

are  the  same  as  those  in  figure  24.     (From  (10).) 
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Figure  26. — Schematic  horizontal   representation   of  the  gradual   development  and 
ultimate  occlusion  of  a  polar-front  wave.      (From  (10).) 

southward  and  eastward  through  this  process  is  eventually  warmed 
and  transformed  into  subtropical  air,  capable  of  rising  over  the  next 
outbreak  of  cold  polar  air. 

A  polar-front  wave  is  said  to  occlude  when  its  cold  front  finally 
completely  overtakes  the  warm  front,  and  the  process  itself  is  referred 
to  as  an  occlusion.  The  occluded  waves  have  a  tendency  to  gravitate 
into  the  large-scale  semipermanent  cyclonic  centers  of  action,  such  as 
the  Aleutian  and  Icelandic  lows. 

SUMMER  CIRCULATION  PATTERNS 

As  has  been  shown,  the  northern  polar  front  during  the  winter 
season  tends  to  bulge  southward  over  the  continents,  in  response  to 
the  intense  production  of  cold  air  over  the  large  snow-covered  land 
masses  in  high  latitudes.  In  summer  the  situation  is  to  some  extent 
reversed.  Over  the  major  portion  of  these  laud  areas  the  snow  cover 
disappears,  and  the  temperature  rises  above  that  prevailing  over  the 
ocean  areas.  Because  of  the  high  elevation  of  the  sun  and  the  long 
days  in  high  latitudes,  the  rate  of  production  of  polar  air  falls  off,  and 


636     •     Yearbook  of  Agriculture,  1941 


Figure  27. — Normal  sea-level-pressure  distribution  (millibars)  over  the  Northern 
Hemisphere  in  July.  (From  (21).)  Compare  this  with  figure  7  and  note  the  complete 
disappearance  of  the  Aleutian  low.  The  Icelandic  low  is  now  very  weak,  and  the 
Asiatic  high  has  been  replaced  by  relatively  low  pressure.  Note  the  well-developed 
oceanic  highs  characteristic  of  the  summer  season. 

the  temperature  contrast  between  high  and  low  latitudes  diminishes. 
Thus  the  contrast  between  air  masses  also  diminishes,  and  the  polar 
front  recedes  northward.  There  is  now  a  tendency  for  the  polar  front 
to  bulge  northward  over  the  continents  and  southward  over  the  oceans. 

During  the  winter  the  meridional  temperature  contrast  dominates 
and  determines  the  broad  features  of  the  circulation  pattern.  The 
winter  temperature  contrast  between  land  and  ocean  serves,  in  the 
main,  to  accentuate  this  meridional  contrast.  During  the  summer 
season,  on  the  other  hand,  the  meridional  temperature  gradient  is  so 
weakened  that  the  temperature  contrast  between  land  and  ocean  areas 
tends  to  become  the  dominating  factor,  to  a  considerable  extent  op- 
posing the  normal  meridional  temperature  contrast.  As  a  result, 
widespread  but  slow-functioning  plants  for  cold-air  production  are 
established  over  the  northern  oceans. 

Just  as  the  cold  air  produced  in  polar  regions  during  the  whiter 
season  spreads  southward  and  in  so  doing  acquires  an  anticyclonic 
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rotation  (east  wind)  around  the  polar  air  dome,  so  the  slowly  spreading 
air  from  the  summer  maritime  cold-air  plants  assumes  a  clockwise 
rotation  around  the  ocean  basins.  Since  pressure  and  wind  always 
tend  toward  a  mutual  adjustment,  it  follows  that  the  northern  oceans 
will  be  dominated  by  large  high-pressure  areas  (fig.  27).  Above  these 
high-pressure  areas  there  must  be  a  compensating  inflow  from  the 
continents. 

It  is  not  possible  at  present  to  apply  successfully  the  previously 
developed  concept  of  planetary  flow  patterns  to  the  summer  circu- 
lation problem.  Because  of  the  reduced  temperature  contrasts 
characteristic  of  this  season  and  the  resulting  weaker  winds  it  is 
probable  that  weather  then  is  much  more  completely  dominated  by 
local  factors.  For  these  reasons  the  foHowing  discussion  will  be  re- 
stricted to  the  circulation  over  the  North  American  Continent  during 
the  warm  season. 

The  meridional  temperature  contrast  over  this  continent  practically 
disappears  south  of  latitude  45°.  The  principal  polar  front  normally 
extends  west-east  somewhere  in  the  vicinity  of  the  Great  Lakes. 
Apart  from  occasional  inundations  with  rapidly  warming  polar  air, 
the  United  States  is  covered  with  a  blanket  of  tropical  air  and  its 
weather  is  consequently  to  a  large  extent  dominated  by  processes 
occurring  within  this  air  mass. 

The  prevailing  motion  in  the  warm  air  over  the  United  States  and 
south  of  the  polar  front  consists  in  a  drift  eastward,  strong  in  the  north 
and  decreasing  in  intensity  southward,  until  it  practically  vanishes  at 
about  latitude  30°.  This  wind  distribution  is  strongly  suggestive  of 
the  frictional  mechanism  for  the  maintenance  of  the  westerlies  in  middle 
latitudes  discussed  previously.  It  thus  appears  that  the  eastward 
drift  of  the  air  over  the  United  States  may  be  explained  as  the  result 
of  drag  exerted  by  the  somewhat  stronger  west  winds  prevailing  over 
the  polar  front  farther  to  the  north,  an  explanation  which  is  strength- 
ened by  the  fact  that  the  absence  of  horizontal  temperature  contrasts 
indicates  that  there  are  no  wind-energy  sources  to  be  found  in  the 
central  and  southern  parts  of  this  country. 

The  wind  energy  brought  in  from  the  north  must  undergo  an  in- 
cessant decay  and  dissipation.  Such  a  decay  must  be  associated  with 
a  breaking  up  of  the  wind  currents  into  eddies  of  varying  diameters. 
It  will  be  shown  later  that  this  is  actually  the  case  and  that  the  lower 
troposphere  is  characterized  by  the  frequent  formation  of  clockwise 
(anticy clonic)  vortices  which  tend  to  remain  stagnant  or  to  drift  slowly 
eastward  across  the  continent.  These  quasi-horizontal  eddies  are  not 
so  clearly  established  next  to  the  ground,  and  thus  it  becomes  neces- 
sary to  make  use  of  the  upper-air  data  for  their  study. 

It  has  been  brought  out  previously  that  the  free  atmosphere  every- 
where is  losing  heat  by  radiation.  This  loss  is,  however,  small  and 
widespread,  probably  of  the  order  of  magnitude  of  1°  or  2°  C.  a  day. 
Thus,  if  one  wants  to  follow  an  individual  parcel  of  air  over  short 
periods  of  time  it  is  permissible  to  assume  that  its  movement  takes 
place  without  change  in  realized  heat  content  (barring  condensation  of 
water  vapor).  A  good  way  of  expressing  the  heat  content  of  a  parcel 
of  air  is  to  indicate  the  temperature  that  this  parcel  would  have  if  it 
were  compressed,  without  gain  or  loss  of  heat,  to  a  standard  (sea  level) 
pressure.     This  temperature  is  called  the  potential  temperature  of  the 
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air  It  is  possible  to  compute  the  potential  temperature  of  any  air 
parcel  the  actual  temperature  and  pressure  of  which  are  known. 
When  tins  is  clone  it  is  found  that  the  potential  temperature  normally 
increases  upward  in  the  atmosphere  (about  4°  to  5°  C.  per  kilometer  in 
the  lower  troposphere;  somewhat  more  rapidly  higher  up).  It  follows 
from  the  definition  of  potential  temperature  that  for  a  constant  pres- 
sure it  increases  with  the  actual  temperature.  Thus  the  potential 
temperature  normally  increases  southward. 

If  one  now  plots,  for  a  number  of  points  hi  the  United  States,  the 
height  above  sea  level  where  a  certain  potential  temperature  is  found, 
it  becomes  possible  to  construct  a  topographic  chart  for  a  surface  of 
constant  potential  temperature  hi  the  atmosphere.  Such  a  surface 
(also  called  an  isentropic  surface)  is  normally  found  to  slant  downward 
from  north  to  south.  Since  potential  temperature  normally  increases 
upward  along  the  vertical,  it  follows  that  the  higher  isentropic  surfaces 
are  characterized  by  a  higher  potential  temperature  than  the  lower  ones. 
If,  for  a  given  occasion,  a  set  of  such  charts  is  prepared  for  different 
surfaces,  it  is  possible  to  prepare  a  vertical  cross  section  through  the 
atmosphere  to  describe  the  potential  temperature  distribution.  A 
mean  cross  section  of  this  type  is  given  in  figure  28,  in  which  the 
broken  lines  (isentropic  lines)  indicate  the  intersection  with  the  in- 
dividual isentropic  surfaces.     This  diagram  brings  out  the  fact  that 
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Figure  28. — Mean  vertical  section  between  Sank  Ste.  Marie,  Mich.,  and  Pensacola, 
Fla.,  August  1936.  Horizontal  lines  are  drawn  for  intervals  of  1  kilometer,  broken 
lines  represent  potential  temperature  (in  °C.  Abs.),  and  full  lines  specific  humidity 
(in  grams  of  water  vapor  per  kilogram  of  moist  air).  (From  (19).)  Note  constancy 
of  potential  temperature  (and  hence  ordinary  temperature)  from  Dayton  southward. 
(D  indicates  dry  air;  M,  moist  air.) 
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during  the  summer,  when  the  temperature  itself  does  not  vary  greatly 
from  north  to  south,  the  isentropic  lines  (and  surfaces)  are  fairly 
horizontal,  except  far  to  the  north. 

The  significance  of  the  isentropic  surfaces  lies  in  the  following: 

As  long  as  parcels  of  air  move  without  appreciable  change  in  heat 
content,  they  must  remain  within  one  and  the  same  isentropic  surface. 
Thus,  to  the  extent  that  this  assumption  is  fulfilled,  it  can  be  said  that 
by  studying  charts  of  the  same  isentropic  surface  for  2  consecutive 
days,  it  is  reasonably  sure  that  the  same  parcels  of  air  are  being  dealt 
with.  This  would  not  be  the  case  if  charts  for  fixed  upper  levels  were 
studied,  since  air  may  rise  or  sink  through  a  fixed  horizontal  plane. 

To  identify  the  individual  parcels  of  air  in  a  given  isentropic  surface, 
use  can  be  made  of  their  moisture  content,  expressed  as  a  weight  ratio 
between  water  vapor  and  air  per  unit  mass  of  moist  air.  This  ratio 
(specific  humidity)  does  not  change  except  as  the  result  of  condensation 
or  evaporation,  or  as  the  result  of  mixing  with  air  of  a  different  specific 
humidity.  By  drawing  lines  of  constant  specific  humidity  in  a  surface 
of  constant  potential  temperature,  a  method  of  "tagging"  and  iden- 
tification of  air  parcels  is  reached. 

It  is  important  to  know  whether  air  is  moving  up  slope  or  down 
slope  in  the  isentropic  surface.  Up-slope  motion  may  lead  to  con- 
densation, and  in  that  case  the  realized  heat  content  increases  so  that 
the  air  must  climb  toward  a  surface  of  higher  heat  content  (higher 
potential  temperature).  To  study  the  motion  in  a  given  isentropic 
surface,  one  may  plot  on  the  chart  for  that  particular  surface  wind 
directions  and  wind  velocities  as  obtained  by  interpolation  from  pilot- 
balloon  observations  and  compare  the  resulting  pattern  of  motion 
with  the  pattern  of  the  contour  lines.  The  final  isentropic  chart 
should  thus  contain  specific-humidity  lines,  contour  lines,  and  winds. 

A  study  of  daily  isentropic  charts  for  the  summer  season  reveals 
that  the  free  air  circulation  over  North  America  is  dominated  to  a 
very  large  extent  by  large  anticyclonic  vortices.  The  accompanying 
chart  for  June  27,  1937,  furnishes  a  beautiful  illustration  (fig.  29). 

In  this  case,  strong  westerly  to  northwesterly  winds  prevail  from 
the  Great  Lakes  eastward.  Possibly  as  a  result  of  frictional  drag 
from  this  strong  wind  system  a  tongue  of  moist  air  has  been  brought 
in  over  the  United  States,  extending  from  Arizona  toward  Illinois  and 
Indiana,  from  then  on  curving  anticyclonically  southward  and  finally 
southwestward  toward  the  Gulf  coast.  A  tongue  of  dry  air  is  sliding 
southward  and  downhill  from  New  England,  winding  itself  clockwise 
around  the  moist  air.  The  movement  of  this  dry  air  must  be  ac- 
companied by  a  certain  amount  of  vertical  shrinking  and  horizontal 
stretching  to  permit  it  to  assume  the  clockwise  trajectory  indicated 
on  the  chart.  Practically  all  isentropic  charts  for  the  summer 
months  contain  examples  of  such  spiraling  interaction  between  moist 
and  dry  tongues,  and  normally  the  spiraling  motion  has  a  clockwise 
direction.  As  might  be  expected  the  moist  tongues  form  troughs  and 
the  dry  tongues  ridges  in  the  contour  patterns. 

Thunderstorms  and  convective  activity  are  most  likely  to  occur 
in  the  moist  tongues  where  the  supply  of  water  vapor  is  adequate, 
particularly  on  the  left  side  of  the  axes  of  the  moist  currents  (facing 
downstream).  Convective  vertical  currents  may,  of  course,  develop 
anywhere  as  a  result  of  intense  surface  heating,  but  in  those  regions 
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where  the  convective  towers  shoot  up  into  an  overlying  dry  stratum, 
lateral  mixing  processes  will  soon  deplete  the  cloud  masses  of  their 
moisture,  whereas  the  development  can  proceed  unhindered  in  regions 
where  the  moisture  content  aloft  is  high.  Figure  30  shows  the  path 
of  the  center  of  maximum  thunderstorm  activity  during  the  same 
general  period  from  which  figure  29  was  taken.  This  path  shows  a 
characteristic  anticyclonic  trajectory  very  similar  to  the  one  suggested 
by  successive  isentropic  charts  for  the  entire  period,  and  it  emphasizes 
the  significance  of  isentropic  charts  for  summertime  rainfall  fore- 
casting. 

The  clockwise  eddies  referred  to  above  are  so  characteristic  of  our 
summer  circulation  and  so  slowly  changing  that  they  may  be  found 
also  in  mean  isentropic  charts  for  longer  periods.  Figure  31,  A  and 
B,  gives  the  mean  insen tropic  charts  for  the  months  of  August  1935 
and  August  1936.  It  is  seen  that  both  charts  indicate  the  presence 
of  large  anticyclonic  eddies;  that  for  1935,  which  probably  comes 
fairly  close  to  normal  conditions,  is  characterized  by  two  eddies — 
one  moist  tongue  entering  the  United  States  from  the  southwest 
over  Arizona  and  a  second  entering  from  the  south  over  western 
Florida.     In  1936  there  was  only  one  large  eddy,  with  a  large  dry 


Figure  29. — Typical  anticyclonic  eddy  formation  of  a  moist  tongue  in  an  isentropic 
surface.  This  chart  is  drawn  for  a  potential  temperature  of  310°  Abs.  Broken  lines 
represent  contour  lines  (height  above  sea  level)  and  indicate  500-meter  intervals. 
Constant  BDecinc-humidity  lines  (full  lines)  represent  intervals  of  1  gram  of  water 
vapor  per  kilogram  of  moist  air.  To  the  right  of  the  station  dot  are  figures  indicating 
the  observed  specific  humidity  (top),  the  height  of  the  surface  (center,  in  meters),  and 
the  relative  humidity  (bottom).  Winds  are  entered  in  the  same  manner  as  in  figure  24. 
M  represents  a  tongue  of  moist  air;  D,  of  dry  air.  H  indicates  high  level  of  isentropic 
surface;  L,  low  level.  Arnm  s  show  directions  in  which  the  different  tongues  have  been 
moving  during  the  last  24  hours.     (From  (17).) 
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Figure  30. — Trajectory  of  the  center  of  maximum  thunderstorm  activity  following 
the  invasion  of  a  tongue  of  moist  air  aloft  and  positions  of  upper-air  sounding  stations 
used  in  this  analysis  (dots).  The  black  squares  mark  the  successive  positions  of  the 
center  of  thunderstorm  activity  for  the  12 -hour  periods  preceding  the  dates  (in  June 
1937)  entered  beside  them:  these  were  fixed  with  the  aid  of  thunderstorm  reports  and 
12 -hourly  amounts  of  precipitation.      (From  (14).) 

current   sweeping  downhill  from   the   north   over   the   Great   Lakes 

region.     The  persistence  of  this  large  dry  tongue  aloft  is  associated 

with  the  severe  drought  of  that  vear  in  a  large  part  of  the  Middle 

West. 


APPLICATIONS  TO  LONG-RANGE  FORECASTING 

It  is,  of  course,  impossible  to  utilize  effectively  the  results  set  forth 
above  as  long  as  the  mechanics  and  thermodynamics  of  the  changes 
in  circulation  intensity  which  cause,  or  are  associated  with,  the  ob- 
served changes  in  the  mean  circulation  patterns  are  not  understood. 
These  changes  are  generally  fairly  slow;  it  has  already  been  pointed 
out  that  in  winter  the  normal  time  interval  between  two  consecutive 
peaks  of  circulation  intensity  is  about  6  weeks.  Thus  the  circulation- 
intensity  trend  is  likely  to  persist  from  one  week  to  the  next,  and  this 
persistence  tendency  has  a  definite  forecasting  value.  The  same 
applies  to  the  persistence  which  may  be  observed  in  the  gradual  dis- 
placements of  the  centers  of  action.  It  should  not  be  forgotten  that 
so  far  even  our  daily  forecasts  are  obtained  through  a  technique  which 
essentially  makes  use  of  persistence  tendencies  of  various  kinds  rather 
than  of  thoroughly  understood  dynamic  and  thermodynamic  calcula- 
tions. Modern  daily  forecasting  terminology  often  suggests  an 
intimacy  with  the  physical  processes  of  weather  which  sometimes  is 
more  wishful  than  real. 

If  it  is  possible  to  predict  with  some  degree  of  success,  1  week  in 
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advance,  the  position  and  development  of  the  principal  centers  of 
action,  it  also  becomes  possible  to  predict  the  position  of  the  principal 
frontal  zones  and  hence  of  the  prevailing  storm  tracks.  A  forecasting 
technique  based  on  the  study  of  the  behavior  of  the  centers  of  action 
is  obviously  not  going  to  help  in  predicting,  for  any  given  locality, 
the  sequence  of  weather  day  by  day  a  week  in  advance,  but  it  does 
offer  the  opportunity  to  tell  whether  the  mean  temperature  in  a 
certain  region  is  going  to  be  above  or  below  normal  and  whether  the 
rainfall  will  be  light,  moderate,  or  heavy  in  terms  of  the  normal 
rainfall  intensity. 


Figure  31.— /f,  Mean  isentropic  chart  for  August  1935.  Symbols  and  notations  are 
the  same  as  in  figure  29.  B,  Mean  isentropic  chart  for  August  1936.  Note  precipita- 
tion deficiency  in  the  Middle  West  under  the  dry  portion  of  an  anticyclonic  eddy. 
(Insets,  departures  of  precipitation  from  normal,  expressed  in  inches.)      (From  (24).) 
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Figure  32. — Normal  frequency  distribution  of  accumulated  5-day  rainfall  for  Iowa 
in  August.     Areas  of  light,  moderate,  and  heavy  precipitation  are  of  equal  size. 

An  experiment  in  5- day  forecasting  of  temperature  and  rainfall 
anomalies,  based  on  such  studies  of  the  behavior  of  the  centers  of 
action  in  the  atmosphere,  has  recently  been  organized  as  a  joint 
undertaking  between  the  Department  of  Agriculture,  the  Weather 
Bureau,  and  the  Massachusetts  Institute  of  Technology.  In  view 
of  the  fact  that  the  technique  employed  will  probably  find  increased 
applicability  during  the  next  few  years,  it  seems  appropriate  to  devote 
some  space  to  a  description  of  this  project. 

The  project  leaders  are  well  aware  of  the  fact  that  the  technique 
used  in  daily  forecasting  cannot  very  well  be  extended  to  periods  much 
in  excess  of  2  or  possibly  3  days.  Even  if  the  forecaster  should  have  a 
perfectly  correct  concept  of  the  anticipated  weather  sequence,  a  slight 
error  in  his  timing  of  the  events  would  soon  throw  the  forecast  out  of 
line  with  the  observed  weather.  It  is  therefore  necessary  to  treat 
the  5-day  forecast  problem  as  a  statistical  one,  particularly  in  view  of 
the  fact  that  a  statistical  technique  based  on  the  ideas  set  forth  above 
might  perhaps  eventually  be  extended  to  cover  even  longer  forecast 
periods  (two,  or  as  a  possible  upper  limit,  three  weekly  or  5-day 
intervals),  which  obviously  would  be  impossible  on  the  basis  of  the 
technique  used  in  daily  forecasting. 

As  a  first  step  in  this  development,  a  statistical  study  has  been  made 
of  the  normal  character  of  the  5-day  mean  temperatures  and  accu- 
mulated 5-day  rainfall  intensities  in  the  United  States,  and  the 
results  have  been  expressed  graphically  in  the  form  of  frequency 
curves.  These  curves  represent,  specifically,  for  a  given  region  and  a 
given  season  (month),  the  frequency  of  different  departures  from 
normal  of  the  5-day  mean  temperature,  and  likewise  the  frequency 
distribution  of  accumulated  5-day  rainfall  amounts  for  different 
regions  and  seasons.  Both  types  of  curves  are  prepared,  not  from 
records  of  a  single  station,  but  from  State  averages,  and  they  are 
based  on  roughly  50  years  of  data.  These  curves  are  probably  ade- 
quately representative  of  a  State  as  a  whole  in  open  country  such  as 
the  Mississippi  Valley,  but  they  are  definitely  inadequate  in  the 
mountainous  regions,  where  the  climatic  characteristics  vary  sharply 
from  point  to  point. 
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The  rainfall-frequency  curves  (fig.  32)  are,  of  course,  highly  asym- 
metric, since  there  is  no  such  thing  as  negative  rainfall.  The  area 
under  the  curve  in  this  figure  may  be  divided  into  three  equal  parts, 
which  might  be  labeled  "none  or  light,''  "moderate,"  and  "heavy" 
precipitation.  It  is  evident  from  these  definitions  that  all  three  types 
of  precipitation  have  equal  chance  probability  (one-third).  It  is 
also  evident  that  the  rainfall  values  giving  the  boundaries  between 
light  and  moderate  and  between  moderate  and  heavy  precipitation 
vary  from  one  part  of  the  country  to  another,  being  much  lower  in 
the* arid  West  than  in  the  East. 

The  temperature-frequency  curves  (fig.  33)  are  fairly  symmetric. 
The  area  under  the  curve  in  figure  33  may  be  divided  into  five  parts. 
a  portion  (25  percent)  around  the  normal  labeled  "nearly  normal," 
another  portion  labeled  "below  normal"  (25  percent),  a  third  portion 
labeled  "above  normal"  (25  percent),  and  two  extreme  portions  of 
12.5  percent  each  named  "much  below  normal"  and  "much  above 
normal."  respectively.  Also  here  the  numerical  values  of  the  various 
demarkation  lines  vary  from  region  to  region,  since  the  frequency 
curve  has  a  small  spread  in  a  maritime  climate  and  a  large  spread  in  a 
continental  climate.  The  normal  5-day  mean  temperature  itself 
varies  of  course  from  station  to  station  and  from  day  to  day  through- 
out the  month,  but  there  is  good  reason  to  believe  that  the  frequency 
distribution  of  departures  from  normal  in  climatologically  homo- 
geneous regions  changes  only  slowly  from  point  to  point  and  from 
day  to  day. 

Through  the  statistical  analysis  just  described  it  is  possible  to 
incorporate,  in  the  definitions  and  terminology  used  in  the  5-day 
forecasts,  the  climatological  characteristics  of  each  particular  district 
in  the  United  States.     The  forecaster's  problem  is  reduced  to  the  task 
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of  determining  from  the  current  weather  charts  and  for  each  5-day 
period  the  regions  in  which  the  rainfall  will  be  light,  moderate,  or 
heavy  and  the  regions  in  which  the  temperatures  will  be  much  below 
normal,  above  normal,  etc.  Through  the  choice  of  definitions  intro- 
duced he  has  been  spared  the  necessity  of  keeping  in  mind  the  climatic 
characteristics  of  each  portion  of  the  country.  If  desirable,  it  is  of 
possible,  once  the  forecast  has  been  completed,  to  translate  the 
predicted  anomaly  distributions  roughly  into  actual  degree 
departure  from  normal  and  into  actual  amounts  of  precipitation. 

On  the  basis  of  the  definitions  introduced,  it  is  evident  that  in  a 

long  series  of  charts  of  the  observed  5-day  anomaly  distribution,  areas 

of  fight,  moderate,  and  heavy  rainfall  should  be  equal,  and  similar 

.erations  apply  to  the  areas  of  different  observed  temperature 

depart  u: 

The  actual  forecasting  technique  is  based  entirely  on  the  use  of 
prognostic  charts.  The  first  step  consists  in  the  construction  of  a 
mean  sea-level-pressure  chart  for  the  United  States  for  the  coming 
5-day  interval.  In  the  construction  of  this  chart,  the  principal 
guidance  is  furnished  by  the  past  behavior  of  the  circulation  index  and 
of  the  large  centers  of  action.     The  main  problem  is  to  d<  trhether 

the  circulation  intensity  is  going  to  in<  :  decrease  el  this 

to  be  answered  largely  on  the  basis  of  persistence  tend- 
encies. 

next  step  is  to  construct  a  prognostic  pressure  chart  for  the 
3 -kilometer  level  over  the  United  Stat 

Because  of  the  lack  of  upper-air  data  from  the  surrounding  oceans, 
it  is  not  generally  possible  to  base  the  preparation  of  this  chart  on 
continuity  of  trends,  and  other  cruder  guiding  signs  have  to  be  used. 
With  increasing  circulation,  the  north-south  amplitudes  of  the 
isobars  at  3  kilometers  tend  to  decrease:  with  decreasing  circulation 
they  increa^.  Furthermore,  there  are  certain  characteristic  3-kd- 
ometer-pressure  patterns  which  normally  occur  with  maximum  and 
minimum  circulation  (n>s.  17  and  18).  This  part  of  the  procedure  is 
as  yet  extremely  uncertain  and  awaits  additional  upper-air  data  from 
the  oceans  hefor  tial  improvements  can  be  expected. 

Quite  recently  a  procedure  has  been  developed  which  permits  de- 
termination by  extrapolation  of  Ihe  pressure  at  the  3  kilometer  level 
from  the  observed  pressure  and  temperature  at  sea  level.  Th'j 
procedure  is  applicable  only  over  the  oceans  and  specifically  only  in 
strong  winds  or  shower  activity  give  indication- 
of  intense  vertical  stirring,  bo  that  the  vertical  temperature-lapse  rate 
may  be  estimated.  Through  this  procedure  it  is  now  possible  to 
draw  reasonably  adequate  3-kilometer-pressure  charts  for  the  entire 
region  between  30'  and  170°  west  longitude,  thus  including  large 
portions  of  the  Atlantic  and  the  Pacific.  With  the  aid  of  consecutive- 
mean  charts  of  the  observed  pressure  distribution  over  this  large  area 
the  problem  of  drawing  mean  3-kilometer-pressure  charts 

for  the   Unite      9  me  much  closer  to   being  a    practical 

routine  operation  than  before. 

During  the  warm  half  of  the  year  a  prognostic  mean  isentropic  chart 
is  constructed,  mainly  on  of  and  continuity 

in  the  evolution  of  the  isentropic  flow  p<< 

The  three  charts  obtained  thus  far  are  not  independent  of  each 
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other.  If  the  pressure  distributions  at  sea  level  and  at  3  kilometers 
are  known,  the  mean  temperature  between  these  two  levels  is  pre- 
scribed. The  resulting  horizontal  distribution  of  the  5-day  mean 
temperature  for  the  lowest  3  kilometers  must  not  depart  too  much 
from  the  normal  north-south  temperature  contrast  in  the  atmosphere 
and  must  be  compatible  with  the  prognostic  isen tropic  chart,  since 
temperature  and  moisture  content  are  fairly  intimately  correlated. 
These  considerations  and  other  similar  cross  checks  of  the  prognostic 
charts  serve  the  extremely  important  purpose  of  insuring  internal 
consistency  in  the  anticipated  mean  state  of  the  atmosphere,  and 
therein  lies  the  principal  scientific  achievement  of  this  forecasting 
project.  The  prognostic  charts  are  modified  until  such  consistency  is 
obtained. 

It  then  becomes  possible  to  draw  prognostic  charts  of  temperature 
and  rainfall  anomalies  for  the  coming  period;  in  this  work  full  use  is 
made  of  the  locations  and  movements  of  the  principal  frontal  zones  as 
indicated  by  the  prognostic  pressure-distribution  charts  and  of  in- 
dications concerning  the  availability  of  moisture  furnished  by  the 
prognostic  isen  tropic  chart. 

Figures  34-38  contain  the  prognostic  and  verification  charts  for  one 
of  the  first  periods  treated  by  this  technique.  Real  difficulties  are 
encountered  when  the  rainfall  is  of  a  conyective  character  and  hence 
very  spotty  in  its  occurrence.  The  particular  forecast  illustrated  in 
figure  37  is  satisfactory  over  the  major  part  of  the  country,  but  it 
exhibits  two  definite  errors,  one  of  them  the  extension  into  Montana 
of  the  heavy  rainfall  forecast  and  the  other  the  omission  to  forecast 
the  heavy  rainfall  which  actually  occurred  over  a  small  portion  of  the 
middle  Atlantic  coast.  More  intense  stress  on  the  need  for  consistency 
between  the  various  prognostic  charts  would  have  reduced  the 
magnitude  of  these  errors. 

It  should  be  added  that  mistakes  in  timing  might  easily  affect 
this  type  of  forecasting  also.  If  an  error  is  made  in  the  timing  of  the 
displacement  of  the  centers  of  action,  the  anticipated  rainfall  or 
temperature  patterns  may  be  correct  in  their  general  character  but 
incorrectly  placed  on  the  map,  resulting,  obviously,  in  a  failure  of  the 
forecast  in  certain  regions. 

The  principal  advantage  of  the  procedure  outlined  above  lies  in 
the  fact  that  it  helps  to  insure  consistency  and  permits  the  forecaster 
to  incorporate  into  his  picture  of  the  coming  atmosphere,  step  by  step, 
every  prognostic  indication  at  his  disposal.  The  human  mind  has  a 
limited  capacity,  and  as  long  as  forecasting  is  done  in  the  head,  from 
inspection  of  a  great  and  bewildering  mass  of  data,  it  is  more  than 
likely  that  for  each  new  indication  considered,  an  earlier  indication 
is  dropped  and  forgotten.  This  danger  is  reduced  through  the 
introduction  of  the  engineering  procedure  outlined  above. 

For  agriculture,  flood  control,  water  supply,  and  many  other  inter- 
ests, quantitative  forecasts  are  of  tremendous  potential  value.  The 
technique  outlined  above  represents  a  crude  first  step  toward  such 
Quantitative  forecasting,  and  it  is  therefore  certain  to  be  further 
developed  in  the  years  to  come. 
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SURFACE  PRESSURE  (FORECAST.  WILLETT)  AUG.21-25 


Figure  34. — Forecast  and  verification  charts  of  mean  sea-level-pressure  distribution 
(millihars)  over  the  United  States  for  the  period  August  21-25,  1940,  prepared  on  daily- 
weather-map  forms. 
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3- KILOMETER  --:  =  E:~ST,  WILLETT 


AUG.22-26 


3-KILOMETER 


CESERVED) 


AUG.22-26 


FKtlM  35. — forecast   and  verification  charts  of  mean  3-kilometer-pressure  distribu- 
tion    millibar-     over  the   I  mted  States  for  the  period  August  21-25.   19 
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:    ~ -     PIC  (FORECAST.  WILLETT)   AUG.  22-26 


ISENTR0P1C    (OBSERVED)    AUG.  22~26 


Figure  36. — Forecast  and  verification  charts  of  the  mean  isen tropic-moisture  distri- 
bution over  the  United  States  for  the  period  August  21-25,  19  W. 
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TOTAL    PRECIPITATION   (FORECAST .  WILLED    AUG.21'25 


Figure    17.  —  F. recast  and  verification  chart©    of   accuinulated-rainfall    distribution 
for  the  period  Aug\:--    2      _        ]Q40. 
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i-  11       ~       r.    (FORECAST,  WILLET.AUG.2Q)    AUG.  21-25 


Figl'RE  ZS.  —  F<»reca*t  and  verification  chart*  of  mean  temperature  anomalies  for  the 
peri 
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HISTORICAL  NOTES 

The  brief  notes  given  below  do  not  in  any  sense  constitute  an  attempt 
to  trace  the  history  of  the  growth  of  our  knowledge  concerning  the 
atmosphere,  as  may  be  seen  from  the  fact  that  there  are  a  number  of 
basic  meteorological  discoveries  to  which  no  reference  is  made.  The 
single  purpose  of  these  notes  is  to  attempt  to  trace  the  origin  of  the 
principal  ideas  which  the  writer  has  sought  to  weave  into  a  coherent 
picture  of  the  atmosphere  as  a  mechanical  and  thermodynamic 
machine  that  responds  in  a  predictable  fashion  to  specific  external 
influences. 

The  German  physicist  Von  Helmholtz  took  a  great  deal  of  interest 
in  meteorological  problems.  His  two  papers  in  18SS  on  atmospheric 
motions,  translated  into  English  and  published  by  Cleveland  Abbe  (1), 
contain  a  remarkably  modern  picture  of  the  circulation  of  the  atmos- 
phere. In  his  analysis.  Von  Helmholtz  considered  the  atmosphere  as 
consisting  of  a  number  of  flywheels,  or  rings  of  air.  spinning  around 
the  earth's  axis  in  different  latitudes.  He  realized  that  the  energy  of 
this  flywheel  motion  comes  from  superimposed  slow  meridional  circu- 
lation's set  up  as  a  result  of  the  inequality  in  solar  radiation  income 
between  low  and  high  latitudes.  He  also  recognized  that  frictional 
forces,  both  along  the  earth's  surface  and  in  the  free  atmosphere,  are 
needed  if  the  thermally  driven  meridional  circulation  and  the  flywheel 
circulation  are  to  be  maintained  at  a  constant  speed. 

Von  Helmholtz  was  apparently  aware  of  the  important  role  played 
by  surfaces  of  discontinuity  in  the  atmosphere  and  gave  an  elaborate 
dynamic  theory  for  the  intermittent  generation  and  destruction  of 
the  polar  front,  without  actually  introducing  this  term.  His  polar 
front  extended  along  a  latitude  circle.  Considerable  time  was  devoted 
by  Von  Helmholtz  to  the  study  of  wave  motions  in  atmospheric  sur- 
faces of  discontinuity,  but  the  waves  analyzed  by  him  have  a  length 
of  up  to  a  few  kilometers  and  should  not  be  confused  with  the  observed 
cyclonic  polar-front  waves.  He  also  derived  an  expression  for  the 
equilibrium  slope  of  the  polar  front  as  a  function  of  the  temperature 
and  wind  discontinuity  between  the  two  air  masses  separated  by  the 
front.  He  may  be  regarded  as  a  very  early  forerunner  of  the  modern 
meteorological  school. 

In  Von  Helmholtz's  day.  the  synoptic  charts  contained  so  few  and 
such  scattered  observations  that  it  was  obviously  impossible  to  give 
direct  evidence  for  the  existence  of  discontinuities  in  either  wind  or 
temperature.  Nevertheless,  the  theory  for  such  discontinuities  con- 
tinued to  attract  the  attention  of  theoretical  meteorologists,  and  the 
Austrian  meteorologist  Margules  (12)  finally  established  the  equilib- 
rium condition  for  a  front  of  arbitrary  orientation. 

The  squall  line  (nowadays  called  the  cold  front)  was  fairly  well 
known  from  observations  at  an  early  stage,  but  it  was  not  until  the 
V\  orld  War  came  along  with  its  demand  for  improved  meteorological 
service  that  the  Norwegian  meteorological  school,  headed  by  V. 
Bjerknes.  actually  had  at  its  disposal  a  network  of  stations  sufficiently 
dense  (though  of  very  limited  extent^  to  permit  the  discovery  of  both 
cold  front  and  warm  front  as  elements  of  the  ideal  cyclone  model 
(4).  From  then  on  a  rapid  development  took  place.  The  life  history 
of  cyclones  culminating  in  the  occlusion  process  and  the  characteristic 
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properties  of  the  different  air  masses  interacting  in  a  polar-front 
wave  were  discovered  by  the  Norwegian  meteorologists,  J.  Bjerknes 
and  H.  Solberg,  and  by  the  Swede,  Bergeron  (5).  It  is  very  difficult 
to  separate  their  individual  contributions  since  they  worked  in  close 
harmony.  This  theory  now  serves  as  the  principal  basis  for  daily 
forecasting. 

The  break-down  of  the  symmetrical  polar  front  into  branches 
extending  generally  from  southwest  to  northeast  was  clearly  indicated 
as  an  empirical  fact  fairly  early  in  the  writings  of  the  Norwegian 
school  (6).  Bergeron  (3)  likewise  recognized  as  an  empirical  fact 
the  existence  of  a  reverse  cell  in  the  meridional  circulation  of  the 
atmosphere,  without  being  able  to  offer  any  explanation.  The 
recognition  that  such  a  cell  must  exist  to  serve  as  a  necessary  brake 
on  the  general  circulation  of  the  atmosphere  came  from  the  Massa- 
chusetts Institute  of  Technology  school  of  meteorologists,  where 
also  the  first  attempts  were  made  to  compute  physically  reasonable 
models  for  the  statistical  mean  meridional  circulation  (17).  In  these 
attempts  the  role  of  large-scale  lateral  mixing  processes  in  diffusing 
momentum  northward  or  southward  was  first  recognized  in  modern 
times,  although  Von  Helmholtz's  papers  actually  contain  references 
to  the  possible  significance  of  such  processes. 

Sir  Napier  Shaw  (20)  was  the  first  to  advocate  the  use  of  isentropic 
charts,  but  the  first  synoptic  isentropic  charts  were  drawn  at  the 
Massachusetts  Institute  of  Technology  (16),  and  it  was  there  that 
specific  humidity  was  introduced  as  a  quasi-conservative  element 
useful  for  tagging  and  identifying  air  masses.  These  isentropic- 
humidity  charts  in  time  led  to  the  analysis  of  the  free-air,  anti- 
cyclonic  eddy  patterns  which  dominate  our  summer  weather,  and  to 
the  development  of  a  dvnamic  theorv  of  the  maintenance  of  the  eddies 

The  break-down  of  the  zonal  circulation  into  horizontal  cells  or 
centers  of  action  has,  of  course,  been  known  as  long  as  world-wide 
synoptic  charts  have  been  available.  The  dynamic  theory  for  the 
large-scale  planetary  flow  patterns  was  developed  at  the  Massachu- 
setts Institute  of  Technology  (18),  where  the  relation  between  the 
size  of  these  patterns  and  the  zonal  circulation  intensity  was  dis- 
covered. 

The  first  systematic  attempts  to  utilize  the  circulation  model 
presented  in  this  paper  in  the  preparation  of  5-day  forecasts  were 
made  by  Willett  and  his  collaborators  (2).  The  principal  advocate 
of  the  introduction  of  engineering  techniques  in  forecasting  is  the 
Norwegian  meteorologist  Petterssen  (15),  whose  work  along  that  line 
has  led  to  the  development  of  several  important  aids  to  our  synoptic 
forecasting  technique.  In  this  country  the  use  of  prognostic  charts 
as  a  tool  in  forecasting  has  been  strongly  advocated  by  Prof.  H. 
Byers,  of  the  University  of  Chicago.  The  systematic  procedure  de- 
scribed in  this  article  for  the  construction  of  reasonably  complete 
three-dimensional  prognostic  models  of  the  atmosphere  was  developed 
at  the  Massachusetts  Institute  of  Technology  and  is  still  in  its  infancy. 

Our  knowledge  of  the  atmospheric  radiation  processes  is  of  a  later 
•  late  Taking  into  account  the  fact  that  the  atmospheric  water 
vapor  is  practically  transparent  to  solar  radiation  but  nearly  opaque 
to  the  long  heat  radiation  from  the  ground,  Emden   (8),   through 
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theoretical  studies,  ma  -  ble  that  radiation  alone  would  pro- 

duce a  highly  unstable  Ly  rized  by  a  rapid 

vertical  :  ure  drop  upward,  and  a  nearly  isothermal  strato- 

sphere.    Before  him.  Humphreys  {11)  and  Gold  (9)  had  given  fairly 
xplanations   for   the    temperature  si         -   here. 

Simp-  -   the  firs'  mpute  the  vertical  transfer  of 

radiatiou   in   the   atmosphere   imder  actually  observed   temperature 
conditions,  taking  into  accoimt  the  selective  character  of  water-vapor 
A  German  meteorologist,  Moller  (13  k  was  the  first  to 
clearly  that  the  free  atmosphere  practically  everywhere  must 
>:isidered  as  a  cold  source  with  respect  to  purely  radiative  proc- 
sses  Lus    u  which  :        —  bated  a  thorough  revision  of  certain 

earlier  theories  for  the  general  circulation  of  the  atmosphere.     The 
principal  work  on  the  determination  of  the  absorption  coefficients  of 
vapor  is  now  carried  on  at  the  California  Institute  of  Tech- 
v  Elsasser  (7).     Until        sc     ^efficients  have  been  carefully 
ur  ideas  concerning  the  general  circulation  must  remain 
fairly  specula  ( 
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Amateur  Forecasting  From 
Cloud  Formations 


By  C.  G.  Rossby  1 


1  C.  G.  Rossby  is  Assistant  Director  of  the  Weather  Bureau. 

(656) 


Ftjn»castin&  from  Cloud  Formations      • 

A  FJLRMXK  or  sailor  who  has  made  himself  thoroughly  familiar  with  the 
chars  typical  polar-fr  en  do  a  creditable 

job  of  short-term  weather  _     lerehr  from  local  observa 

based  on  the  :  re  is  a  defin.  -^quence  of  events 

during  the  passage  of  such  a  storm.     A  brief  description  of  such  a 
illustrated  by  photographs  taken  from  various 

If  an  obfl  -oniewhere  in  the  Mississippi  Valley  is  located  far 

to  the  northeast  of  the  approaching  storm  and  the  storm  moves  north- 
ird  in  such  a  fashion  that  the  low-pressure  center  passes  north 
and  west  of  him.  he  wil.  .ne  weather,  possibly  with  - 

tine-weather  rami  -       _  id  gentle  variable  1 

Feat!  _  gradually  move  up  over  tl 

from  y  st     The  barometer  will  begin  to  drop,  and  a 

gentle  wind  from   the  s  -  The  cirrus  clone- 

gradually  _     into  a  thin  etrro-stra     s  _     . 

which  it  is  still  possible  feo  make  -un.     Often  a  halo  can  be 

seoi  around  the  son  at  ah 

The  lower  eon vective  cumuli:-  -will  now  begr  and 

the  wind  will  pick  up.     The  cloud  deck  will  gradually  get  lower  and 
change  into  a  ariform  fttto-e  -    Loud  lay  _    1)  moving 

from  si  wind  at  _      md  con- 

to  blow  from  the  southeast.     Eventually  rain  will  begin  to  fall,  al 
in  fin  :hen  as  a  moderately  heavy,  steady  fall.     The  wind  will 

increase  ai  -        what  to  the  south.     The  temperature  will  rise. 

:he  returning  polar  air  just  in  advance  of  the  warm  front  has  had 
a  fairly  long  southern  sojourn.  W:h  :Lr  ss  g  :  the  warm  front. 
rhe  wind  may  swing!  -      kheast  or  -  -  -     the  clouds 

will  break,  and  the  barometer  will  stop  faHn  _  he  warm- 

front  rain    -  -       -  heavy  showers  :    s  _  from  en 

n  the  unstable  warm  air  sliding  up  over  to  _    of  cold  air  in 

advance  of  the  passa^.  warm  fr 

In  the  warm  -  s  prevail,  and  the  barome- 

ter, at  least  to  beg  -  a  s    tuner,  heavy 

rs  may  occur  in  this  part  of  the  polar-front  wav 
particularly  near  the  cold  fn  the  initial  instabil 

warm  mo  isi  air  _ 

over  land  and  the  most  genuinely  tropical  air  is  found  just  in  advance 
of  the  cold  front. 

In  win:  jround  may  have  been  thoroughly  chilled  by  the 

preceding  warm-front  rain,  so  that,  particularly  if  the  win      -     _ 
the   i  1  air  is  chilled  as  it  moves  inland  over   th 

ground,  and  log  results 

approaches,  the  barometer  again  begins  to  drop,  the 
wind  back—    _  sttosooth-fl  and  towering 

cumulo-n::  -  appear  in  the  v.  _    '  ell-developed 

cold  front  is  often  accompanied  by  a  dark  squall  cloud  parallel  to  the 

he  cloud  extends  north  and  south.     In  an 
squall  cloud  there  are  signs  of  violent  overturning,  or  rolling 

the  air.     The  passage  of  the  cold  front    a  ipanied  by  heavy 

squalls  and  an  abrupt  drop  in  temperature.     The  wind  veers  fairly 
abruptly  from  Booth  to  booUiw  Of  even  northwest,  the  baroni- 

rises  quickly,  and  the  clouds  break. 
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h  IG1  he  1. — A,  Typical  fine-weather  cumulus  clouds 
arm  air  at  very  high  levels  above  the  re 
clouds  consist  of  ice  crystals  and  form  at  levels  of  3  to  5%  miles  above  sea  level. 


B,  Cirrus  clouds,  heralding  the 
advent  of  warm  air  at  very  high  levels  above  the  receding  wedge  of  cold  air.     These 
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The  problem  of  short-term  weather  forecasting  from  local  ohserva- 
is  of  considerable  interest  not  only  to  farmers  and  seamen  but 
also  to  the  military  services.  Nowadays  military  operations  are 
planned  in  such  a  fashion  as  to  take  full  advantage  of  the  weather. 
This  applies  to  aircraft  operations,  to  chemical  warfare,  and  to  naval 
operations  where  visibility  becomes  a  meteorological  element  of  su- 
preme importance.  Military  meteorologists,  however,  must  be  able 
to  operate  even  when  the  communication  systems  on  which  the 
meteorological  services  normally  depend  for  their  data  break  down  or 
when  the  radio  is  silenced  for  fear  vital  meteorological  information 
might  fall  into  the  hands  of  the  enemy.  In  these  cases  the  ability  to 
make  short-term  predictions  from  local  readings  and  observations 
becomes  supremely  important. 


Figure  2. — The  warm  air.  coming  closer,  now  r>enetrates  to  somewhat  lower  levels. 

The  cirrus  clouds  have  merged  into  a  cirro-stratus  veil.     Sunlight  passing  through  the 

ice  crystals  gives  rise  to  a  halo. 
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Figure  3. — As  the  cold  wedge  recedes  and    the  warm  air  advances,  a  layer  of  alto 

stratus  clouds  forms  in  the  boundary  between  the  two  air  masses.      This  cloud  consist 

of  water  droplets  and  forms  at  a  height  of  about  2^2  miles  above  sea  level. 


In. ikk    L — Violent   cumulo-nimbus    (thunderstorm)   clouds  in  the  warm   air.     Such 
clouds  do  not  develop  unless  the  convective  currents  rise  well  above  the  level  of  freezing 

temperature. 
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Figure  5. — The  cold  front  approaches,  and  the  thunderstorm  clouds  announcing  its 
arrival  in  the  west  are  brightly  illuminated  by  the  morning  sun.  There  is  haze  and 
<lii-t.  characteristic  of  the  warm  air  after  it  has  moved  for  a  considerable  distance  over 

land. 


Fn,i  hk  6.     Some  well-developed  cold  front-  are  marked  bj  a  Ions  squall  eland  parallel 

to  the  front,  clearly  indicative  of  a  rolling  motion  in  the  advancing  cold  air. 
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World  Extremes  of  Weather 


Lowest  temperature  of  record  in  the  United  States,  —66°  F.  at 
Riverside  Ranger  Station,  Wyo.,  in  Yellowstone  Park,  February  9, 1933. 

Lowest  in  Alaska,  —78°  F.  at  Fort  Yukon,  January  14,  1934. 

Highest  for  the  United  States,  134°  F.  at  Greenland  Ranch,  Death 
Valley,  Calif.,  July  10,  1913. 

Highest  and  lowest  temperatures  recorded  anywhere  on  the  earth 
are:    136°   F.  at   Azizia,  Libya,  North   Africa,  September    13,  1922; 

—  90°  at  Verkhoyansk,  Siberia,  February  5  and  7,  1892.     High  and 
low  mean   annual   temperatures:    86°   at  Massawa,  Eritrea,  Africa; 

—  14°  at  Framheim   in    the   Antarctic.     The   estimated   mean   tem- 
perature at  the  South  Pole,  elevation  8,000  feet,  is  considerably  below 

—  22°. 

Average  annual  precipitation  for  the  United  States,  approximately 
29  inches. 

Wettest  State,  Louisiana,  with  an  annual  average  rainfall  of  55.11 
inches. 

Driest  State,  Nevada,  averaging  8.81  inches  annually. 

Highest  local  average  annual  rainfall  in  the  United  States,  150.73 
inches  at  Wynoochee  Oxbow,  Wash.,  based  on  a  13-year  record. 

Greatest  24-hour  rainfall  in  the  United  States,  23.22  inches  at  New 
Smyrna,  Fla.,  October  10-11,  1924. 

Extreme  minimum  rainfall  records  in  the  United  States  include  a 
total  fall  of  only  3.93  inches  at  Bagdad,  Calif.,  for  a  period  of  5  years, 
1909-13,  and  an  annual  average  of  1.35  inches  at  Greenland  Ranch, 
Calif. 

In  the  Philippines,  46  inches  of  rainfall  was  reported  in  a  24-hour 
period,  July  14-15,  1911,  at  Baguio,  Luzon.  This  is  believed  to  be 
the  world's  record  for  a  24-hour  rainfall. 

An  authenticated  rainfall  record  of  241  inches  in  1  month — August 
1841 — was  reported  at  Cherrapunji,  India,  with  more  than  150  inches 
in  a  period  of  5  consecutive  days.  Average  annual  rainfall  at  Cher- 
rapunji is  426  inches. 

Heavy  snowfall  records  include  60  inches  at  Giant  Forest,  Calif., 
in  1  day ;  42  inches  at  Angola,  N.  Y.,  in  2  days;  54  inches  at  The  Dalles, 
Oreg.,  in  3  days;  and  96  inches  at  Vanceboro,  Maine,  in  4  days. 

Greatest  seasonal  snowfall,  884  inches,  more  than  73  feet,  at  Tama- 
rack, Calif.,  during  the  winter  of  1906-7. 

The  largest  hailstone  definitely  recorded  fell  at  Potter,  Nebr., 
July  6,  1928.  It  was  weighed,  measured,  and  photographed  immedi- 
ately after  falling.  The  weight  was  V/2  pounds.  There  have  been 
reports  of  much  larger  stones,  but  they  undoubtedly  refer  to  masses  of 
ice  resulting  from  the  freezing  together  of  two  or  more  separate  stones 
coming  in  contact  with  one  another  on  the  ground  after  falling. 
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The  Climates 
of  the  World 

By  Wesley  W.  Reed  1 


ON  PAGES  672-684  the  author  gives  data  on  mean  and  ex- 
treme temperatures  and  monthly  and  yearly  precipitation 
for  387  representative  stations  throughout  the  world,  exclu- 
sive of  the  United  States.  Preceding  this  information  he  dis- 
cusses the  principal  features  of  climates  over  the  Eastern 
and  Western  Hemispheres.  The  chief  characteristics  of  the 
world's  climates  are  illustrated  hy  maps. 


Wesley  W.  Reed  is  Meteorologist  and  Assistant  Chief,  Division  of  Climate  and  Crop  Weather,  Weather 
Bureau. 
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TEMPERATURE  DISTRIBUTION 

The  distribution  of  temperature  over  the  world  and  its  variations 
through  the  year  depend  primarily  on  the  amount  and  distribution  of 
the  radiant  energy  received  from  the  sun  in  different  regions.  This 
in  turn  depends  mainly  on  latitude  but  is  greatly  modified  by  the 
distribution  of  continents  and  oceans,  prevailing  winds,  oceanic 
circulation,  topography,  and  other  factors. 

Maps  showing  average  temperatures  over  the  surface  of  the  earth 
for  January  and  for  July  are  given  in  figures  1  and  2. 

In  the  winter  of  the  Northern  Hemisphere,  it  will  be  noted,  the 
poleward  temperature  gradient  (that  is,  the  rate  of  fall  in  temperature"! 
north  of  latitude  15°  is  very  steep  over  the  interior  of  North  America. 
This  is  shown  by  the  fact  that  the  lines  indicating  changes  in  tem- 
perature come  very  close  together.  The  temperature  gradient  is  also 
steep  toward  the  cold  pole  over  Asia — the  area  marked  —60°.  In 
western  Europe,  to  the  east  of  the  Atlantic  Ocean  and  the  North 
Atlantic  Drift,  and  in  the  region  of  prevailing  westerly  winds,  the 
temperature  gradient  is  much  more  gradual,  as  indicated  by  the  fact 
that  the  isotherms,  or  lines  of  equal  temperature,  are  far  apart.  In 
the  winter  of  the  Southern  Hemisphere,  as  shown  on  the  map  for  July 
(a  winter  month  south  of  the  Equator),  the  temperature  gradient 
toward  the  South  Pole  is  very  gradual,  and  the  isothermal  deflections 
from  the  east-west  direction  (that  is,  the  dipping  of  the  isothermal 
lines)  are  of  minor  importance  because  continental  effects  are  largely 
absent. 

In  the  summers  of  the  two  hemispheres — July  in  the  north  and 
January  in  the  south — the  temperature  gradients  poleward  are  very 
much  diminished  as  compared  with  those  during  the  winter.  This 
is  especially  marked  over  middle  and  higher  northern  latitudes  because 
of  the  greater  warming  of  the  extensive  interiors  of  North  America 
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FlGI  kk  1. — January  isotherm?  (Hues  of  equal  temperature)  around  the  earth. 
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Figure  2. — July  isotherms  (lines  of  equal  temperature)  around  the  earth. 

and  Eurasia   than  of  the  smaller  land  areas  in  middle  and  higher 
southern  latitudes. 


DISTRIBUTION  OF  PRECIPITATION 

Whether  precipitation  (see  the  map,  fig.  3)  occurs  as  rain  or  snow  or 
in  the  rarer  forms  of  hail  or  sleet  depends  largely  on  the  temperature 
climate,  which  may  be  influenced  more  by  elevation  than  by  latitude, 
as  in  the  case  of  the  perpetually  snow-capped  mountain  peaks  and 
glaciers  on  the  Equator  in  both  South  America  and  Africa. 

The  quantity  of  precipitation  is  governed  by  the  amount  of  water 
vapor  in  the  air  and  the  nature  of  the  process  that  leads  to  its  con- 
densation into  liquid  or  solid  form  through  cooling.  Air  may  ascend 
to  great  elevations  through  local  convection,  as  in  thunderstorms 
and  in  tropical  regions  generally;  it  may  be  forced  up  over  topograph- 
ical elevations  across  the  prevailing  wind  direction,  as  on  the  southern 
or  windward  slopes  of  the  Himalayas  in  the  path  of  the  southwest 
monsoon  of  India ;  or  it  may  ascend  more  or  less  gradually  in  migratory 
low-pressure  formations  such  as  those  that  govern  the  main  features 
of  weather  in  the  United  States. 

The  areas  of  heaviest  precipitation  on  the  map  (fig.  3)  are  generally 
located,  as  would  be  expected,  in  tropical  regions,  where  because  of 
the  high  temperature  the  greatest  amount  of  water  vapor  may  be  pres- 
ent in  the  atmosphere  and  the  greatest  evaporation  takes  place — 
although  only  where  conditions  favor  condensation  can  rainfall  occur. 
Outstanding  exceptions  are  certain  regions  in  high  latitudes,  such  as 
southern  Alaska,  western  Norway,  and  southern  Chile,  where  relatively 
warm,  moist  winds  from  the  sea  undergo  forced  ascent  over  con- 
siderable elevations. 

In  marked  contrast  to  the  rainy  regions  just  named  are  the  dry 
polar  regions,  where  the  water-vapor  content  of  the  air  is  always  very 
low  because  of  the  low  temperature  and  very  limited  evaporation. 
The  dry  area-  in  the  subtropical  belts  of  high  atmospheric  pressure 
(in  the  vicinity  of  latitude  30°  on  all  continents,  and  especially  from 
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the  extreme  western  Sahara  over  a  broad,  somewhat  broken  belt  to 
the  Desert  of  Gobi),  and  the  arid  strips  on  the  lee  sides  of  mountains 
on  whose  windward  slopes  precipitation  is  heavy  to  excessive,  are 
caused  by  conditions  which,  even  though  the  temperature  may  be 
high,  are  unfavorable  to  the  condensation  of  whatever  water  vapor 
may  be  present  in  the  atmosphere. 

In  the  table  following  are  data  on  mean  temperatures  for  January, 
April,  July,  and  October,  with  extremes  recorded  in  the  period  of 
record,  and  monthly  and  annual  precipitation  for  about  500  selected 
stations  well  distributed  over  the  earth. 

NORTH  AMERICA 

North  America  is  nearly  all  within  middle  and  northern  latitudes.  Conse- 
quently it  has  a  large  central  area  in  which  the  continental  type  of  climate  with 
marked  seasonal  temperature  extremes  is  to  be  found. 

Along  the  coasts  of  northern  Alaska,  western  Canada,  and  the  northwestern 
part  of  the  United  States,  moderate  midsummer  temperatures  are  in  marked 
contrast  to  those  prevailing  in  the  interior  east  of  the  mountains.  (Note,  for 
example,  the  great  southward  dip  of  the  60°  isotherm  along  the  west  coast  in 
fig.  2.)  Again,  the  mild  midwinter  temperatures  in  the  coastal  areas  stand  out 
against  the  severe  conditions  to  be  found  from  the  Great  Lakes  region  northward 
and  northwestward  (fig.  1) . 

In  the  West  Indian  region,  temperature  conditions  are  subtropical;  and  in 
Mexico  and  Central  America,  climatic  zones  depend  on  elevation,  ranging  from 
subtropical  to  temperate  in  the  higher  levels. 

The  prevailing  westerly  wind  movement  carries  the  continental  type  of  climate 
eastward  over  the  United  States,  so  that  the  region  of  maritime  climate  along  the 
Atlantic  Ocean  is  very  narrow. 

The  northern  areas  are,  of  course,  very  cold;  but  the  midwinter  low  temperatures 
fall  far  short  of  the  records  set  in  the  cold-pole  area  of  northeastern  Siberia,  where 
the  vast  extent  of  land  becomes  much  colder  than  the  partly  ice-covered  area 
of  northern  Canada. 

From  the  Aleutian  Peninsula  to  northern  California  west  of  the  crests  of  the 
mountains,  there  is  a  narrow  strip  where  annual  precipitation  is  over  40  inches; 
it  exceeds  100  inches  locally  on  the  coast  of  British  Columbia  (see  fig.  3).  East 
of  this  belt  there  is  an  abrupt  falling-off  in  precipitation  to  less  than  20  inches 
annually  over  the  western  half  of  the  continent  from  lower  California  northward, 
and  to  even  less  than  5  inches  in  parts  of  what  used  to  be  called  the  "Great  Ameri- 
can Desert,"  in  the  southwestern  part  of  the  United  States. 

In  the  eastern  part  of  the  continent — that  is,  from  the  southeastern  part  of  the 
United  States  northeastward  to  Newfoundland — the  average  annual  precipitation 
is  more  than  40  inches.  Rainfall  in  the  West  Indies,  southern  Mexico,  and 
Central  America  is  generally  abundant.  It  is  very  spotty,  however,  varying 
widely  even  within  short  distances,  especially  from  the  windward  to  the  leeward 
sides  of  the  mountains. 

SOUTH  AMERICA 

A  large  part  of  South  America  lies  within  the  Tropics  and  has  a  characteristically 
tropical  climate.  The  remaining  rather  narrow  southern  portion  ie  not  subject 
to  the  extremes  of  heat  and  cold  that  are  found  where  wide  land  areas  give  full 
la  the  continental  type  of  climate  with  its  hot  summers  and  cold  winters, 
as  in  North  America  and  Asia.  Temperature  anomalies  unusual  for  a  given 
latitude  are  to  be  found  mainly  at  the  elevated  levels  of  the  Andean  region 
'■'hing  from  the  Isthmus  of  Panama  to  Cape  Horn. 

The  Antarctic  Current  and  its  cool  Humboldt  branch  skirting  the  western  shores 
northward  to  the  Equator,  together  with  the  prevailing  on-shore  winds,  exert  a 

.   cooling  influence  over  the  coastal  rt-gions  of  all  the  western  count i 
South  America  except  Colombia.     On  the  east  the  southerly  moving   Brazilian 
currerr  nieal  waters  has  the  opposite,  or  warming,  effect  except  along 

southern  Argentina. 

In  the  nor*  of  South  rica  the  sharply  contrasted  dry  and  wet 

seasons  are  related  to  the  regime  of  the  trade  winds.     In  the  dry  season  (corre- 
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spending  to  winter  in  the  Northern  Hemisphere)  these  winds  sweep  the  entire 
region,  while  in  the  wet  seas  i  responding  to  summer  in  the  Northern  Hemi- 

sphere) calms  and  variable  winds  prevail.  In  the  basin  of  the  Amazon  River 
the  rainfall  is  related  to  the  equatorial  belt  of  low  pressure  and  to  the  trade  winds, 
which  give  the  maximum  amounts  of  rainfall  in  the  extreme  west,  where  they 
ascend  the  Andean  slopes. 

The  desert  areas  on  the  west  coast  of  South  America,  extending  from  the 
Equator  southward  to  the  latitude  of  Santiago,  are  due  primarily  to  the  cold 
Humboldt  or  Peruvian  Current  and  upwelling  cold  coastal  water.  The  moist, 
cool  ocean  air  is  warmed  in  passing  in  over  the  land,  with  a  consequent  decrease 
in  relative  humidity,  so  that  the  dew  point  is  not  reached  and  condensation  of 
vapor  does  not  occur  until  the  incoming  air  has  reached  high  elevations  in  the 
Andes,  where  temperatures  are  very  much  lower  than  along  the  coast. 

In  southern  Chile  the  summer  season  has  moderate  rainfall,  and  winters  are 
■-  velv  wet.  The  conditions  that  prevail  farther  north  are  not  present  here, 
and  condensation  of  moisture  from  the  ocean  progresses  from  the  shores  up  to  the 
of  the  Andes.  By  the  time  the  air  passes  these  elevations,  however, 
the  moisture  has  been  so  depleted  that  the  winds  on  the  leeward  slope*  are  dry. 
becoming  more  and  more  so  as  they  are  warmed  on  reaching  lower  levels.  The 
mountains  can  be  looked  upon  as  casting  a  great  "rain  shadow" — an  area  of 
little  rain — over  southern  Argentina. 

EUROPE 

In  Europe  there  is  no  extensive  north-south  mountain  system  such  as  is  found 
in  both  of  the  Americas,  and  the  general  east-west  direction  of  the  ranges  in  the 
south  allows  the  conditions  in  the  maritime  west  to  change  rather  gradually 
toward  Asia.  Generally  rainfall  is  heaviest  on  the  western  coasts,  where  locally 
it  exceeds  60  inches  annually,  and  diminishes  toward  the  east — except  in  the  ele- 
vated Alpine  and  Caucasus  regions — to  less  than  20  inches  in  eastern  Russia. 
There  is  a  well-defined  rain  shadow  in  Scandinavia,  with  over  60  inches  of  rain  in 
western  Norway  and  less  than  20  inches  in  eastern  Sweden. 

Over  much  of  Europe  rainfall  is  both  abundant  and  rather  evenly  distributed 
throughout  the  year.  The  chief  feature  of  seasonal  distribution  of  precipitation 
is  the  marked  winter  maximum  and  the  extremely  dry,  even  droughty,  summers 
in  most  of  the  Mediterranean  lands. 

Isothermal  lines  have  the  general  direction  of  the  parallels  of  latitude  except 
in  winter,  when  the  waters  of  the  western  ocean,  warmed  by  the  Gulf  Stream, 
give  them  a  north-south  trend.  Generally  there  are  no  marked  dips  in  isotherms 
due  to  elevation  and  continental  type  of  climate  such  as  are  found  in  North 
America.  In  Scandinavia,  however.  the_  winter  map  shows  an  abrupt  fall  in 
temperature  from  the  western  coast  of  Norway  to  the  eastern  coast  of  Sweden 
and  thence  a  continued  fall  eastward,  under  a  type  of  exposure  more  and  more 
continental  in  contrast  to  the  oceanic  exposure  on  the  west. 

ASIA 

The  vast  extent  of  Asia  gives  full  opportunity  for  continental  conditions  to 
develop  a  cold  area  of  high  barometric  pressure  in  winter  and  a  low-pressure,  hot 
area  in  summer,  the  former  northeast  of  the  Himalayas  and  the  latter  stretching 
widely  from  west  to  east  in  the  latitude  of  northern  India.  (See  the  area  marked 
90°  on  the  map,  fig.  2.)  These  distributions  of  pressure  give  to  India  the  well- 
d  monsoon  seasons,  during  which  the  wind  comes  from  one  direction  for 
several  months,  and  also  affect  the  yearly  distribution  of  rainfall  over  eastern 
Asia. 

In   winter  the  air  circulation  is  outward  over  the  land  from  the  cold  pole, 
and  precipitation  is  very  light  over  the  entire  continent.     In  summer,  on  the  con- 
trary, there  is  an  inflow  of  air  from  the  oceans;  even  the  southeast  trade  winds 
flow  across  the  Equator  and  merge  into  the  southwest  monsoon  which  crosses 
India.     This  usually  produces  abundant  rain  over  most  of  that  countrv,  with 
~:vely  heavy  amounts  when  the  air  is  forced  to  rise,  even  to  moderate  eleva- 
in    its    passage    over    the    land.     At    Cherrapunji    ^4.455    feet\    on   the 
era   side   of  the   Khasi  Hills,  in    Assam,  the   average   rainfall   in   a   winter 
.is  about  1  inch,  while  in  both  June  and  July  it  is  approximated  100  inches. 
However,  this  heavy  summer  rainfall  meets  an  impassable  barrier  in  the  Himalaya 
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Mountains,  while  the  much  fighter 
eastern  Asia  does  not  extend  far  into  China 
sequently,  while   the  southeast  quadrant   of 

ith  monsoon  winds,  has  heavy  to  excessive 

of  the  continent  is  drv,  i 

North  of  the 
atures  rise  rather  high  in  summer  rihoyansk 

north  of  the  Arctic  Circk 
and  in  July  appro tjttuv 
from  readings  at  1  p.  m.?  and  a  minimum  of  — 

In  southwestern  Asia  the  winter  " 
pressure  area,  and  temperatures  are  generally 
in  summer  at  low  elevations  cjceasively  high  ma 
in  the  Tigris-Euphrates  Vail- 

AFRICA 

Africa,  like  South  America,  fies  very  largely  within  the  Tropics;  and  ttoe,  too, 
temperature  distribution  is  determined  mainly  by  altitude.  Moreover,,  along  the 
southern  portion  of  the  western  coast  the  cool  Benguda  Current  moves 
ward,  and  on  the  eastern  coast  are  the  warm  tropical  currents  of  the 
which  create  i 

Continent.     In  the  strictly  tropical 
by  prevailing  low 

northward  and  southward  movement  of  the 
north  and  the  sooth  the  ruling  influences  are  the  bete  of  high 

Except  in  the  Arias  Mountains  in  the  northwest,  where  thei 
set  up  a  barrier  in  the  path  of  the  trade  winds  and  psodi 
the  desert  conditions  typified  by  the  Sahara  extend  from  the 
Red  Sea  and  from  the  Mediterranean  southward  well  beyond  the : 
to  about  the  latitude  of  southern  Arabia. 

-      th  of  the  Sahara,  rainfall  increases  rapidly, 
from  the  west  coast  to  the  central  lakes,  with  annual  inavima  of  ov 
the  regions  bordering  the  eastern  and   western  eatnanes  of  the 
This  marked  increase  in  precipitation  does  not  extend  to  the  east 
the  middle  region  of  the  continent,  where  the  annual  amounts  nan 
?hes  and  decrease  to  less  than  10  inches  on  the  coasts  of 
r  south  of  the  central  rainy  area  there  is  a 
the  arid  regions  of  Southwest  Africa,  where  conditions  are  similar  to 
Somal  Hand. 

The  heavy  rainfall  over  sections  of  Ethiopia  from  Jane  to  October, 
than  40  inches  fall  and  bring  the  overflowing;  of  tiie  otherwise  arid  Nile  valley, 
is  one  of  the  earth's  outstanding  features  of  seasonal  distribution  of  rainfall 

Moist  equatorial  clima- 
torrid  climate  by  those  of*  Egypt  and  the  Sahara;  i 
se  found  in  parts  of  Ethiopia  and  the  British 

AUSTRALIA 


In  the  southern  winter  the  hjgh-preauuie  belt  ci oases  Idle 
and  all  except  the  southernn  )f  the  continent  are  dry. 

the  other  hand,  this  pressure  belt  has  moved  south  of  the 
dry  conditions  over  the  southern  and  western  areas.     Thus  the 
precipitation  is  less  than  20  inches  except  i 

- 
less  than  10  inches  in  a  large  south  central  area. 

e  winter  precipitation  is  of  the  cyclonic  type;  the  heavy 
rains  of  the  north  are  of  monsoon  origin;  and  those  of  the 
large  part  orographic,  o~  e  picacncc  of  the  highland*  in  the 

In  the  outer  or  seawaid  border  of  the 
the  coastal  region,  the  mean  annual  rainfall  is  over  40  inches  and 
over  60  inches.  rue  also  for  the  monsoon  rains  in  the 

•'    ---'..,-      ■      :-"    A    --:••:   i.     :-    '-..;-■-    -    [^    :f    -;-    *;  .-'—     .?-.z:: 
temperatures  far  bel  c  found  only  in  a  small  part  of  the  eonti- 

temperatures  are  very  high,  ranking  with  those  of  the  hottest  regions  of  the  earth. 
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Climate  and  ^  eather  Data 
for  the  United  States 


B.  Ki: 


THE  FOLLOW  ING  PAGES  of  t  Yearbook  contain  data  on 
climate  and  weather  in  the  Lnited  States  of  interest  in  connec- 
tion with  agriculture.  Practically  t  unty  in  every  .^tate 
i-  included,  so  that  ia.ru  may  find  facts  that  are 
of  value  in  their  own  locality.  Beginning  with  paLrc  689.  this 
article  discusses  the  material  included  in  the  table-  and  map-. 
Before  taking  up  Am  diseosoon.  the  authoi  _  general 
background  on  the  eollectioa  of  climatic  and  wf-ath^r  data  in 
»  so  I  ader  may  knou  tl  i  the 
material   u^ed. 
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\\  FATHER  OBSERVATIONS  IX  THE  UNITED  STATES 

Early  weather  observations  and  weather  studies  in  this  country 
were  made  in  a  spasmodic  manner  by  several  uncoordinated  agencies. 
So  far  as  is  known,  the  first  records  on  the  American  Continent  were 
kept  by  the  Reverend  John  Campanius  at  Swedes  Fort,  near  Wilming- 
ton, Del.,  in  1664.  but  there  followed  more  than  a  century  for  which  only 
fragmentary  historical  references  to  the  subject  are  available.  These 
very  early  records  were  necessarily  of  a  descriptive,  noninstrumental 
nature. 

The  first  systematic  instrumental  records  in  the  United  States  were 
made  by  John  Lining  at  Charleston.  S.  C.  beginning  in  173S.  Some 
of  the  other  older  available  records  were  made  at  New  Haven.  Conn., 
beginning  in  1780;  Baltimore.  Md..  1S17:  and  Philadelphia.  Pa..  182  ' 
In  the  Midwest  there  are  a  few  century-long;  records.  Those  at  St. 
Paul.  Minn,  (including  early  records  made  at  Fort  Snelling),  and 
Leavenworth.  Kans..  were  begun  in  1836  and  those  at  St.  Louis.  Mo.,  in 
1837.  Some  of  the  longer  records  on  the  Pacific  coast  are  those  of 
Sacramento  and  San  Francisco.  Calif.,  begun  in  1S49.  and  San  Diego. 
Calif.,  in  1850. 

About  the  middle  of  the  nineteenth  century  official  interest  in 
meteorology  was  awakened,  and  the  Smithsonian  Institution  entered 
the  field  of  observational  work,  supplementing  records  that  had 
previously  been  made  by  the  Army.  In  the  early  period  of  observa- 
tions, records  were  made  only  of  the  fundamental  aspects  of  the 
weather,  such  as  temperature  at  certain  hours  of  the  day  and  precipi- 
tation, which,  however,  provide  basic  data  for  climatic  investigations. 
Later,  after  1830  and  especially  from  1850  on.  increasing  attention 
was  given  to  the  theoretical  aspects  of  meteorology,  although  most  of 
the  records  were  continued  on  substantially  the  same  basis  as  at  the 
beginning. 

Historically,  the  early  climatic  observations  in  this  country  may  be 
classed  as  follows:  Records  made  at  military  posts  by  the  Medical 
Department  and  the  Signal  Service  of  the  Army  from  the  early  part 
of  the  nineteenth  century  up  to  about  1S90.  In  1S40  the  data  thus 
collected  were  published  by  Samuel  Ferry  under  the  title  "The 
Climate  of  the  United  States  and  Its  Endemic  Influences."  At  this 
time  the  study  of  meteorological  data  was  largely  prosecuted  to  ascer- 
tain the  mechanism  of  storms,  their  mode  of  progression,  and  their 
relation  to  weather  characteristics  and  sequences.  Nevertheless,  the 
data  collected  were  admirably  suited  also  to  fundamental  climatic 
studies. 

In  1857  _   tt's  Climatology  of  the  United  States,  a  volume  of 

over  ^^  pages,  was  published,  and  3  years  later  a  report  was  issued 
by  the  Surgeon  General  of  the  Army'  bringing  available  records  up 
ad  covering  40  years  at  many  of  the  stations  maintained  by 
War  Department.  By  that  time  the  Smithsonian  Institution  hail 
entered  the  field  of  meteorology.  The  institution  began  making  svs- 
tematic  observations  in  1849  and  continued  actively  in  the  work  for 
more  tha  rs.     The  data  collected  were  published  in  the  Smith- 

sonian Contributions  riedge,  which  includes  Tables  of  Rain 

ami  Snow  in  the  United  Stat-  - 

In  1847,  Joseph  Benry,  Secretary  of  the  Smithsonian  Institution, 
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submitted  a  program  of  organization  and  work  for  that  institution, 
jnchuKngr  a  system  of  meteorological  observations  entitled  "Solving 
the  Problem  of  American  Storms/'     In  1865  the  Honorable 

r-  -,:::r::-:_  ::•.-:::.  :•:  >;  :-— :;  H-:.r-  -  :ii.-i-.  -  :_;•:-  -j-.-:^:".--  --;.::_-; 
service  be  established  for  the  benefit  of  agriculture.  Five  years  later , 
in  1870,  the  Congress  of  the  United  States  acted  favorably  on  this 
:-  ■;.r;ir::-r.'i  •■".:■:»:.  07  -: .:-..  ;--_~^  :-  ;oin:  r-rs;lv7.:oL  ~i.:;r.  iss:i.*7--:'i  v.  :L- 
Army  the  responsibiKty  of  taking  meteorological  observations  at  alJ 
military  posts.  The  Smithsonian  Institution  relinquished  its  meteoro- 
logical workT  and  in  1874  transferred  its  observers  to  the  Signal 
Service  of  the  Army  r  then  under  Gen.  Albert  J.  Myer. 

_ :.-  Sirr.-!  ^-;~:-r  1.;.— -t-:  ;.;.:_  _-;--:  .---l:  :^z.^lj  — -;_  :ir  ..— . - 
:•:  ■"  — ::_-:  :::- :  ir-  :^-r.  -11-:  "■-:--.-:  ::•;■'  i:__-:--  ---.-;.  -.l.-  ;  —  _ 1: 
that  purely  climatological  work  practically  ceased.  Under  the  new 
set-up,  many  of  the  former  cooperative  observers  of  the  Smithsonian 
Lr.s:iv::ion  '-.ini-  ::>:^--;  —  :-:  :•:_:  ;-::,--:.  -.L-:r  >W:-i::;.::.-il  -;;,; 
altogether,  so  that  by  the  middle  eighties  this  corps  of  observers  had 
:~ir.  :1-:  v.  z  n-r:-  -,:-.r'y,:.  :•:  :Lr  ::u---.:-.l  :  i-- \-:v  V:ir:  -.L-:  a.-jrr  •-.- 
istration  of  Gen.  A.  W.  Greeryr  1887-91,  there  was  a  marked  revival 
:■:  :r -.-:--:  it.    :lr:::-:::    —•.-.-•:    — .::.  t ;/:-.:—:   ;■'.  s- :  7  -  ;-c  ll   ill  -•i,::<    ;: 

States.    During  the  succeeding  decade  this  sytem  was  continued  and 

-r-ir-i-r'i  07  ::--    -~-:--'l.-:  L  ;:rr:  :r_  ::s  ----T  ~-ir~ 

From  the  standpoint  of  homogeneity  the  observations  made  by  the 
Army  Medical  Department  stand  first,,  but  unfortunately  the  geo- 

ipkic  distribution  of  stations  was  so  irregular  and  the  distances 
reen  them  in  many  cases  so  great  that,  standing  alone,  the  data 

Institution  were,  as  a  rule,  carefully  made  and  quite  complete  with 
respect  to  climatic  fundamentals,  but  the  number  of  observing  stations 
was  limited,  varying  from  less  than  100  about  1830  to  a  maximum  of 

•  '-.-■-:-  1L".  — ir:.  -'.:.-.  -<•":;-:  ":•-  :.:•■•:  tL  :  ~-;  \~  ::--  -^~:-.l  'I'-:::-  ;:  :L- 
Army.  Like  the  Army  posts,  Smithsonian  stations  also  were  unbal- 
anced in  geographic  distribution  from  a  national  standpoint,  almost 
all  of  them  being  located  in  the  eastern  half  of  the  country.    The 

o 11-; -.ioi.  ;•:  ':•---  ::_.-«-  -■-:-.  i-i-viz.-^  —  r^LL-i Sili--  r-  V-'-.-  —  :-" 
'.-:'-  ■:-:::.  ir_ 1  li :  '  :■_•-.  ~ .—  "-  l::  :-•.!!  7  -  --":::  :~:ll  -1.-  I-.::-:  :■•:♦.;- 
of  the  nineteenth  century. 

TRIBUTTO.X    OF    COOPERATIVE    OBSERVERS 

In  1890  Congress  established  the  Weather  Bureau  as  a  Bureau  in 
the  Department  of  Agriculture  and,  by  legislation,,  transferred  all 
official  meteorological  work  to  it.  This  act  went  into  effect  July  1, 
and  provided,  among  other  things,  for  the  "taking  of  such 
meteorological  observations  as  may  be  necessary  to  establish  and 
record  climatic  conditions  in  the  United  Sta- 

I  .  _•:  _•  -. .  -  •-■  -  :'  •  -.-•-  j  -  ..t.  --:.-  :-<"■  :  is  "•  —  v  '  .  »r_ 
rh-  ;;:._•-.  .._•.;•  -  -;>"..  -  :  '.:.-  r_":.;>,j  S-.iv-s  ::.-  C-::.---.- 
p.-.'-  •''  L7  ;;  ::..-:••.:--..-;..:  _•  .  "  .  :  -  •:'  '.':.-  .:.  i  -r*.i.:::  _•  Li  >  :•.•.!> 
thoosands  of  stations  were  necessary,  and  the  funds  available  lor  the 
inauguration  of  the  work  were  wholly  inadequate  to  finance  the  project , 


graph 
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especially  if  the  observers  were  to  be  compensated  for  taking  observa- 
tions and  rendering  reports;  moreover,  only  a  limited  number  of 
meteorological  instruments  could  be  provided.  Under  these  condi- 
tions, the  Bureau  inaugurated  an  extensive  system  of  cooperative 
observation  stations  which  has  developed  into  one  of  the  most  extraor- 
dinary official  services  known  anywhere  and  probably  nets  the  public 
more  per  dollar  expended  than  any  other  government  service  in  the 
world.  The  system  includes  literally  thousands  of  unpaid  cooperative 
observers  to  whom  the  Bureau  furnishes  thermometers,  thermometer 
shelters,  and  rain  gages. 

It  is  a  remarkable  fact  that  thousands  of  people  in  all  parts  of  the 
country  freely  give  their  time  to  make  the  necessary  observations 
and  reports,  every  day  in  the  year,  year  after  year,  without  a  break 
in  the  records.  The  Bureau  now  has  approximately  5,000  of  these 
observers  who  serve  without  compensation;  this  means  that  if  for 
each  there  is  required  an  average,  of  say,  20  minutes  a  day  to  take 
and  record  the  observations,  answer  questions  about  local  weather, 
and  make  the  regular  monthly  reports,  the  total  time  contributed 
to  the  Government  for  the  entire  service  would  amount  to  75,000 
8-hour  days  of  work  each  year.  There  is  no  other  Government 
cooperative  enterprise  that  even  remotely  compares  with  this — that 
is,  in  which  a  considerable  part  of  the  time  of  those  cooperating  is 
required  every  day  in  the  year,  including  Sundays  and  holidays,  for 
long  periods.  Some  300  of  the  Bureau's  cooperative  observers  have 
served  for  25  years  or  more,  and  during  this  time  have  made  daily 
observations  and  rendered  monthly  reports  to  the  Bureau.  Elwood 
Kirkwood,  observer  at  Mauzy,  Ind.  (post  office,  Rushville),  has  to  his 
credit  the  longest  continuous  service,  59  years;  some  70  others  have 
taken  observations  regularly  for  more  than  40  years. 

In  assuming  the  obligations  of  a  cooperative  observer  of  the  Weather 
Bureau,  a  person  undertakes  to  perform  certain  exacting  duties 
every  day  in  the  year  during  most  of  his  life.  What  impels  people 
to  make  this  work  practically  a  lifetime  job?  This  question  was 
eloquently  answered  a  few  years  ago  by  Judge  A.  S.  Peacock,  of 
Wakeeney,  Kans.,  who,  at  the  beginning  of  his  thirty-first  year  as 
cooperative  observer  said,  in  a  sketch  entitled  "Keeping  Weather 
Records,"  published  in  the  Western  Kansas  World: 

"Is  the  making  of  these  weather  records  considered  worth  while? 
It  would  seem  so  *  *  *  if  we  may  judge  by  the  number  of 
inquiries  for  weather  facts.  Within  the  past  10,957  days2  we  have 
answered  at  least  that  many  questions  concerning  the  weather. 
And  that  would  be  a  rather  low  average — only  one  question  per  day. 
If  the  weather  be  extra  cold  or  unusually  hot ;  drought  or  deluge — look 
out  for  a  flood  of  inquiries,  15  to  40  in  1  day,  occasionally.  Think 
of  the  work  of  merely  taking  the  phone  receiver  down  10,000  times! 
And  right  here  our  envious  friend  is  prone  to  feel  that  any  man  would 
be  foolish  to  work  30  years  on  any  kind  of  a  job  without  pay.  He 
is  too  small  and  narrow  to  be  able  to  conceive  that  any  man  or  woman 
would  work  for  mere  personal  satisfaction;  the  pleasure  of  neighbors, 
or  the  benefit  of  generations  that  are  yet  to  come  and  take  possession 
of  the  land. 


2  This  was  written  on  August  1,  193/5.    Subsequently,  of  course,  Judge  Peacock  has  added  many  more 
days  to  his  record. 
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"Yes,  it  is  a  lot  of  work  and  daily  bother,  but  we  like  it.  After 
30  years  of  the  habit  there  is  a  sort  of  unexplainable  attraction  or 
fascination  about  it.  Yes.  we  like  to  answer  questions  about  the 
weather,  though  occasionally  some  of  them  are  called  in  at  very 
inopportune  times.  But  let  'em  come!  We  are  here  to  be  useful, 
and  nothing  affords  us  greater  pleasure  than  to  add  in  some  small 
degree  to  the  pleasure  and  satisfaction  of  others." 

After  the  transfer  of  official  meteorological  work  to  the  Weather 
Bureau  in  1891.  the  expansion  of  the  cooperative  climatologies] 
service  was  pushed  vigorously.  At  the  time  of  transfer.  1.745  stations 
were  in  operation,  and  at  the  time  of  publishing  the  first  edition  of 
Weather  Bureau  Bulletin  W,  containing  extensive  climatic  summaries, 
there  were  available  for  inclusion  some  2.200  records,  covering  if) 
years  or  more  up  to  1908.  Thereafter  further  expansion  was  effected, 
so  that  in  compiling  records  for  the  preparation  of  Sections  A.  B, 
and  I.  entitled  "Climate,"  of  the  Atlas  of  American  Agriculture, 
some  1,600  were  found  covering  the  20-year  period  from  1895  to 
1914.  and  about  2.000  additional  records  of  5  to  19  years. 

This  Yearbook  contains  summaries  of  4.900  records  of  10  vears  or 
more,  about  1.400  for  the  full  40  years.  1899  to  1938,  and  nearly 
2,000  for  at  least  35  years  within  this  period:  lack  of  space  prevented 
the  inclusion  of  several  hundred  comparatively  short  records  from 
additional  stations  in  counties  where  longer  records  were  available. 
The  locations  of  the  stations  whose  records  have  been  used  are  shown 
on  the  map  on  page  702. 

DATA  USED  IN  MAPS  AND  TABLES 

For  many  years  the  Weather  Bureau  has  maintained  some  200  observing  stations 
known  as  stations  of  the  first  order,  manned  by  professional  meteorologist-, 
at  which  complete  meteorological  observations  are  made,  including  automatic, 
continuous  instrumental  records  of  many  weather  elements.  Since  these  stations 
are  not  spaced  closely  enough  to  provide  data  adequate  for  climatic  purpos  - 
large  number  of  cooperative  stations,  already  described,  are  maintained  to  ob- 
tain the  necessary  basic  data. 

The  instrumental  equipment  at  the  latter  includes  maximum  and  minimum 
thermometers,  thermometer  support,  instrument  shelter,  and  rain  gage.  Xo 
automatic  recording  instruments  are  provided.  In  addition  to  observation-  of 
temperature  and  precipitation,  however,  cooperative  observers  record  various 
other  weather  aspects,  such  as  character  and  time  of  beginning  and  ending  of 
precipitation,  state  of  the  sky,  prevailing  wind  direction,  occurrence  of  storms, 
hail,  sleet,  frost,  and  any  other  noteworthy  weather  features. 

Of  the  maps  beginning  on  page  702,  those  showing  wet-bulb  temperature,  days 
with  snow  cover,  den-e  fog.  thunderstorms,  and  hail,  and  the  relative  humidity  and 
sunshine  maps  represent  data  from  first-order  stations  only;  in  all  other  cases, 
records  of  some  5,000  cooperative  stations  were  considered  in  preparing  the  maps. 
The  State  tables,  beginning  on  page  751,  are  based  primarily  on  records  from 
cooperative  stations. 

Temperature  Dat\ 

For  depicting  the  basic  climatic  characteristic-  <>f  a  locality  the  most  important 
temperature  data  required  are:  Average  daily  temperature;  average  daily  range 
and  average  daily  variability;  average  monthly  temperature;  average  monthly 
range  and  absolute  monthly  extreme  al  temperature,  especially  the  aver- 

age for  the  summer  'June  through  August)  and  for  the  winter  (December  through 
February;  average  annual  temperature  and  average  annual  range;  and  the  fre- 
quency of  occurrence  and  duration  of  certain  significant  temperatui 
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is  easy  of  appMcatkm  and  very  satisfactory  when  dependable  maximum  and  min  5  - 
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The  mean  of  the  daily  extrei  a  rule,  shg 
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the'  tiftwihifiatiiim  employed  by  the  Weather  Bureau  to  obtain  the  average 
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north  and  sooth  march  of  the  son.     For  example,  in  northern  latitude 
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months  are,  on  an  average,  December,  Janoary,  and  February  I  -  period 
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the  other  seasons.  March-May  comprises  the  meterologieal  spring;  June- 
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dafly  temperature  is  approximatery  the  average  of  the  maximum  and  mini- 
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nths,  January  and  Jury.     Hie  difference  between  this  and  the  mean  : 
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Temperature  and  Planting  Dates 

Ti:  j  -  >  ::iit  ::'  .i-"  7  :.:z  r~-  --:..;•-:-;,-  :,  1:7  ::.  I11I  :il  yfir?  may 
vary  considerably  from  year  to  year,  the  normals,  or  long-time  averages,  show  a 
-  1  -  -  .."-7  ■:.:': .  :  .  v.-:-  1 ;  -  ::  "ii.if:  si:  :  "a:.  :.:;!"  :■:  ::i  1:::.  :  -  1.  i.f7. 
-  ■  "  "  ".:■  1  r  17.  -1  "  iii:i-:ii;vi:::  — ::.-f7  1:~  Ti  17:1  rise  ::: 
the  annual  temperature  march  has  some  interesting  relations  to  agricultural 
operations.  For  example,  the  usual  date  of  ih&  beginning  of  spring-wheat 
—11:-  -;  ■  r  i-iif  f:.  :if  :r:_-.il  mi  7fii..fra-  -  :.f-  :■:  1":  I  ii  :if 
locality  where  seeding  is  to  be  done;  spring  oats,  43°;  early  potatoes,  45°;  com, 
and  cotton,  62°.  Incidentally,  55°,  the  corn-planting  temperature,  comes 
••"  "  •  "  '■  -  "-"  -  -  v-...-  .a-.t  :'  •  -  Ii-"  ..ill.:.;  :':  -:  ::."  -:  :.:':  a:.  1  •  ::  "if 
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Precipitation  Data 

Moisture  falls  from  the  clouds  in  either  liquid  or  solid  form  as  rain,  snow,  hail, 
sleet;  "precipitation"  is  a  general  term  used  to  embrace  any  and  all  of  these  forms 
and  includes,  in  addition  to  actual  rainfall,  the  water  equivalent  of  snow,  hail, 
etc.,  expressed  in  inches  and  hundredths  of  inches  of  water  depth.  For  example, 
1  inch  of  rain  means  that  if  the  amount  falling  should  be  retained  on  a  flat  surface 
without  any  run-off  or  seepage,  the  layer  of  water  deposited  would  be  1  inch 
deep. 

The  moisture  equivalent  of  snow  varies  greatly,  ranging  from  5  or  6  inches  of 
very  wet,  heavy  snow  to  an  inch  of  water,  to  15  or  more  inches  of  very  light,  fluffy 
snow  to  an  inch.  In  observational  procedure  the  snow  is  either  weighed  or  melted 
and  then  measured  as  water.  Where  this  is  not  practicable,  the  arbitrary  rule 
that  10  inches  of  snow  will  equal  approximately  1  inch  of  water  is  sometimes 
employed.     This  is  fairly  accurate  for  snow  of  abdut  average  density. 

Basic  Precipitation  Data 

The  basic  precipitation  data  are  the  average  annual  amounts.  However,  the 
annual  values  are  insufficient  for  an  adequate  appraisal  of  moisture  conditions, 
especially  as  they  affect  crops,  produce  floods,  etc.  The  seasonal  distribution, 
that  is,  whether  or  not  the  rain  falls  at  a  time  of  year  when  it  will  be  most  beneficial 
to  growing  crops,  must  be  known,  as  well  as  the  intensity  of  the  rainfall,  which 
determines  whether  the  amounts  falling  are  absorbed  largely  by  the  soil  or  mainly 
lost  into  streams  and  rivers,  possibly  producing  floods;  the  frequency  of  droughts; 
and  many  other  aspects  of  precipitation  that  cannot  be  determined  from  the 
annual,  or  even  monthly,  totals.  In  recent  years  the  importance  of  microclimatic 
observations  has  become  more  and  more  apparent.  Precipitation  stations  for 
making  these  observations  are  much  closer  together  than  those  in  a  general 
climatological  system  such  as  that  represented  by  the  data  in  the  accompany- 
ing maps  and  tables.  The  more  detailed  records  are  most  valuable  in  studying  the 
geographic  variations  and  differences  in  intensity  of  rainfall  from  place  to  place 
for  contiguous  localities. 

Precipitation  Tables  and  Maps 

The  accompanying  maps  and  tabular  data  show  the  average  annual,  average 
monthly,  and  average  seasonal  rainfall.  A  number  of  auxiliary  maps  show  varia- 
tions from  the  average  amounts,  including  the  percentage  of  years  with  less  than 
20  and  15  inches,  respectively,  of  rain.  Others  show  the  maximum  precipitation 
in  1  month,  in  24  hours,  and  in  1  hour;  the  average  snowfall;  average  number  of 
days  with  snow  cover,  thunderstorms,  and  hail,  as  well  as  somewhat  related  phe- 
nomena, such  as  humidity,  fog,  etc.  In  addition  a  special  tabulation  at  the  foot 
of  each  State  table  gives  the  vear-bv-vear  State  averages  from  the  earliest  date 
of  record  to  1939. 

Precipitation  Characteristics  and  Trends 

No  aspect  of  climate  lias  greater  economic  significance  than  the  comparatively 
long-time  trends  in  precipitation. 

With  regard  to  characteristics  of  precipitation  from  year  to  year  and  trend 
tendencies  from  decade  to  decade,  the  United  States  may  be  divided  into  three 
broad  west-to-east  divisions  as  follows:  Area  1,  all  States  from  the  Rocky  Moun- 
tains westward;  area  2,  all  States  between  the  Rocky  Mountains  and  the  Missis- 
sippi River,  including  Montana;  and  area  3,  all  States  east  of  the  Mississippi 
River.  With  such  a  division,  areas  1  and  2  show  quite  similar  trend  characteristics, 
although  the  average  annual  precipitation  in  area  1  (17.9  inches)  is  much  smaller 
than  that  in  area  2  (28  inches).  The  average  for  the  eastern  division,  area  3, 
is  43.5  inches. 

Figure  1,  A,  shows  the  weighted  average  precipitation,  in  percentage  departures 
from  normal,  for  these  three  divisions,  year  by  year,  from  1886  to  1940,  and  also 
for  the  United  States  as  a  whole.  Figure  1,  B,  shows  the  general  trend  tendencies 
for  the  respective  areas  by  10-year  moving  averages  of  percentages  of  normal. 
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Figure  1. — No  aspect  of  climate  has  greater  economic  significance  than  the  com- 
paratively long-time  trends  in  precipitation.  A,  Year-by-year  weighted  average 
precipitation,  1886  to  1940,  in  percentage  departures  above  or  below  normal,  in  three 
broad  divisions  of  the  United  States  and  the  country  as  a  whole.  Area  1  comprises 
the  western  part  of  the  country  to  the  Rocky  Mountains;  normal  precipitation,  17.9 
Area  2,  from  the  Rocky  Mountains  to  the  Mississippi  River;  normal  precip- 
Area  3,  from  the  Mississippi  to  the  Atlantic  coast;  precipitation, 


inches. 

itation,  28  inches. 


43.5  inches.  Normal  precipitation  for  the  United  States  (weighted  State  averages)  is 
29  inches.  B,  General-trend  tendencies;  each  point  represents  a  10-year  average, 
expressed  in  percentage  of  normal  rainfall,    up    to    and    including     the    date    under 

which  the  point  appears. 
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An  examination  of  these  graphs  discloses  some  interesting  and  important 
precipitation  characteristics. 

In  area  1  (fig.  1,  .4)  the  period  1889-97  had  mostly  above-normal  rainfall, 
followed  by  6  years  of  marked  deficiencies.  Then,  beginning  with  1904,  the  gen- 
eral tendency  was  toward  markedly  above  normal  up  to  1916,  with  another 
extremely  dry  period  from  1928  to  1935.  The  wettest  year  was  1906,  with 
33  percent  above  normal,  and  the  driest  1924  with  25  percent  below  normal, 
while  all  but  one  of  the  last  5  years  had  above-normal  precipitation.  On  the 
trend  graphs  (fig.  1,  B)  each  point  represents  a  10-year  average  up  to  and  includ- 
ing the  respective  dates.  While  4  of  the  last  5  years  in  this  area  had  above 
normal  precipitation,  the  accumulated  excesses  for  these  were  not  quite  sufficient 
to  bring  the  trend  curve,  representing  decade  averages,  up  to  normal,  but  a 
definite  recovery  tendency  is  shown  for  these  recent  years.  It  might  be  added 
that  in  1941  (up  to  April  15)  this  area  had  abnormally  heavy  precipitation. 

The  outstanding  features  of  area  2  (fig.  1,  A)  >are  the  tendency  for  subnormal 
amounts  of  precipitation  during  the  first  decade  beginning  in  1886,  followed, 
beginning  with  1900,  by  mostly  above  normal,  except  for  a  few  extremely  dry 
years,  through  the  decade  ending  with  1925,  and  marked  deficiencies  during  the 
last  10  years.  The  wettest  year  in  this  area  was  1915,  with  precipitation  25  per- 
cent above  normal,  and  the  driest,  just  2  years  later,  1917,  with  25  percent  below 
normal.  An  outstanding  feature  of  the  record  for  this  area,  which  includes  the 
Great  Plains  States,  is  the  prolonged  drought  period  of  the  1930's.  This  decade 
reached  a  lower  average  precipitation  than  any  like  period  since  1886,  but  here 
also  there  is  a  fairly  definite  suggestion  of  recovery.  Available  records  show  that 
these  precipitation  trends  come  in  long  swings  of  above  and  below  normal,  and 
the  period  covered  by  this  summary  is  a  comparatively  short  one  (only  about  five 
decades).  However,  data  available  from  a  few  long  records  within  the  area 
strengthen  this  suggestion  of  a  general  recovery,  and  also  the  probability  that  the 
1940  decade  will  have  much  better  moisture  conditions. 

Area  3  (fig.  1,  A)  is  characterized  by  small  variations  from  year  to  year,  frequent 
alternations  of  above  and  below  normal,  and  comparative  absence  of  prolonged 
drought  periods.  The  wettest  year  was  1929.  with  14  percent  above  normal, 
and  the  driest  the  following  year,  1930,  with  20  percent  below  normal.  Thus 
the  maximum  range  on  either  side  of  normal  is  35  percent,  against  50  in  area  2 
and  58  in  area  1. 

The  trend  graphs  (fig.  1,  B)  show  that,  on  a  basis  of  10-year  overlapping  aver- 
ages, the  wettest  decade  in  area  1  was  that  ending  with  1915,  and  the  driest 
period  centered  in  1935.  In  area  2  the  wettest  decade  was  that  ending  with 
1909  and  the  driest  that  ending  with  1939.  In  area  3  the  wettest  10  years  covered 
the  period  from  1920  to  1929  and  the  driest  the  decade  1930-39/ 

Sunshine  Data 

The  time  from  sunrise  to  sunset  represents  the  total  possible  number  of  hours 
of  sunshine  for  any  particular  day.  At  first-order  Weather  Bureau  stations 
automatic  instrumental  recorders  determine  the  number  of  hours  and  minutes 
that  the  sun  actually  shines  on  any  day,  and,  with  the  possible  amount  as  a  base, 
the  percentage  of  the  possible  is  computed.  Sunshine  data  are  recorded  for  both 
values — hours  of  actual  amount  and  percentage  of  the  possible.  Maps  of  the 
United  States  beginning  on  page  702  show  both  the  average  number  of  hours 
of  sunshine  and  the  percentage  of  the  possible  amounts  (daily  averages)  for  the 
winter  and  the  summer  seasons;  also,  the  average  annual  number  of  clear  and  of 
cloudy  days. 

The  possible  amount  of  daily  sunshine  varies  on  December  22,  the  shortest 
day  of  the  year,  from  10  hours  and  35  minutes  at  latitude  25°  N.,  the  latitude  of 
the  southern  end  of  Florida,  to  8  hours  and  10  minutes  at  latitude  49°  X..  the 
northern  boundary  of  the  United  States  from  Minnesota  westward.  Farther 
north  it  decreases  with  the  latitude,  until  north  of  the  Arctic  Circle  the  sun  does 
not  rise  above  the  horizon  at  this  time. 

At  the  time  of  the  longest  day  of  summer,  June  21,  the  possible  amount  varies 
from  13  hours  and  41  minutes  at  latitude  25°  N.  to  16  hours  and  19  minutes  at 
latitude  49°  N.  At  this  time  north  of  the  Arctic  Circle  the  sun  does  not  set. 
Thus,  on  a  clear  day  in  early  summer  the  most  northern  States  receive  about  2 
hours  more  of  sunshine  than  is  possible  in  the  extreme  south,  but  in  early  winter 
the  reverse  is  true.  In  northern  localities  where  the  growing  season  is  short, 
l"^t:J7°— 41 45 
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this  greater  amount  of  sunshine  in  summer  is  important  in  hastening  the  maturing 
of  crops  so  that  they  escape  early  fall  frosts. 

The  foregoing  figures  relate  to  the  total  possible  amount  of  sunshine  which 
would  be  experienced  with  a  continuously  clear  sky.  However,  the  amount  of 
cloudiness  varies  greatly  in  different  parts  of  the  country,  and  the  actual  amount 
of  sunshine  received  depends  on  the  frequency  of  cloudy  weather.  In  mid- 
winter— January — the  amount  of  sunshine  actually  received  on  an  average  ranges 
from  a  minimum  of  2  or  3  hours  a  day  in  the  Pacific  Northwest  and  the  region 
of  the  Great  Lakes,  to  more  than  7.5  hours  in  the  far  Southwest,  southwestern 
New  Mexico,  southern  Arizona,  and  southern  California;  much  of  the  Florida 
Peninsula  and  the  Rio  Grande  Valley  of  Texas  receive  an  average  of  more  than 
6  hours. 

In  midsummer — July — the  averages  range  from  7  or  8  hours  a  day  along  the 
northern  Pacific  coast  and  in  eastern  Gulf  localities  to  about  13.5  hours  in  much 
of  the  Great  Valley  of  California.  During  the  3  summer  months  in  southwestern 
Arizona  and  much  of  California  the  sun  shines,  on  an  average,  during  more  than 
90  percent  of  the  total  number  of  hours  from  sunrise  to  sunset. 

Killing  Frost  and  the  Growing  Season 

The  growing  season  of  crops  susceptible  to  frost  damage — the  so-called  warm- 
weather  crops — is  restricted  by  the  number  of  days  between  the  last  killing  frost 
in  the  spring  and  the  first  in  the  fall.  Maps  and  tabular  data  show  for  the  country 
as  a  whole,  and  for  individual  States,  the  average  dates  of  the  last  killing  frost 
in  the  spring  and  the  first  in  the  fall,  together  with  the  average  length  of  the 
period  between  these  dates,  usually  referred  to  as  the  growing  season. 

On  some  of  the  Florida  Keys  freezing  temperatures  have  never  occurred,  and 
consequently  the  frostless  season  covers  the  whole  year.  However,  these  are 
the  only  localities  in  the  United  States  definitely  frost-free.  Throughout  most  of 
Florida,  along  the  coast  of  the  Gulf  of  Mexico,  and  in  favored  localities  in  Arizona 
and  California,  the  average  growing  season  is  more  than  260  days.  Along  the 
northern  margin  of  the  Cotton  Belt  it  is  about  200  days,  and  in  the  northern 
part  of  the  Corn  Belt  from  140  to  150  days.  In  northern  Maine  and  northern 
Minnesota,  where  hay,  potatoes,  oats,  and  barley  are  the  principal  crops,  it  is 
about  100  days,  and  in  the  higher  altitudes  in  the  West  less  than  90  days. 

There  is  very  little  agriculture,  except  wild  hay  production  and  grazing,  where 
the  average  season  between  spring  and  fall  killing  frosts  is  less  than  90  days. 
In  such  regions  frosts  are  likely  to  occur  in  any  of  the  summer  months.  The 
length  of  the  season  without  killing  frost  varies  year  by  year,  as  indicated  by 
records  for  selected  stations  for  the  several  States. 

Seasonal  Progress  of  the  Weather 

The  following  brief  summaries  of  weather  in  the  United  States,  month  by 
month,  refer  to  'he  normal,  or  long-time,  average  conditions,  and  should  not  be 
considered  as  a  forecast  for  any  particular  month  or  year.  While  the  weather 
for  individual  years  may  differ  considerably  from  these  summaries,  they  never- 
theless afford  a  broad  picture  of  the  seasonal  progress  of  temperature,  variations 
in  precipitation,  occurrence  of  frost,  etc.,  that  is  approximated  when  conditions 
are  about  normal. 

January 

January  is  the  coldest  month  of  the  year,  although  on  an  average  the  tempera- 
ture is  only  slightly  below  that  of  February.  In  the  extreme  north-central 
portion  of  the  country  the  monthly  average  of  temperature  is  near  0°  F.,  while 
a  mean  in  excess  of  43°,  the  critical  vegetative  temperature,  obtains  over  about 
one-tenth  of  the  country,  mainly  Florida  and  the  Gulf  sections,  as  well  as  the 
lower  elevations  of  Arizona  and  California.  In  the  extreme  upper  Great  Plains 
cold  waves  occasionally  bring  temperatures  of  —50°  or  lower,  while  the  extreme 
subzero  line  extends  to  the  northern  portion  of  the  Gulf  States. 

In  Tennessee  and  Mississippi  and  parts  of  adjoining  States,  the  average  January 
precipitation  is  more  than  4  inches,  but  over  considerable  western  areas,  especially 
in  the  Plains  States,  the  average  is  less  than  1  inch,  occurring  mostly  in  the  form 
of  snow.  In  upper  Michigan  and  central  New  York  snowfall  for  this  month 
averages  about  30  inches,  but  it  decreases  graduallv  southward  to  about  1  inch 
in  the  northern  portions  of  the  Gulf  States. 
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While  January  is  considered  a  between-season  month  in  the  Southern  States, 
preparation  of  soil  for  spring  planting  is  usually  possible,  and  some  seeding  of 
oats  and  hardy  forage  crops  is  carried  on.  In  the  warmer  portions,  planting  of 
potatoes  and  hardy  truck  crops  can  usually  be  accomplished.  In  the  northern 
half  of  the  country  most  crops  are  dormant. 

February 

The  mean  February  temperature  usually  is  only  slightly  higher  than  that  of 
January,  ranging  from  less  than  10°  F.  in  North  Dakota  to  about  45°  in  the  Gulf 
States.  Although  February  is  not  the  coldest  month  of  the  year  in  the  South, 
some  severely  cold  weather  has  occurred  there  during  February.  The  memor- 
able cold  wave  in  February  1899  carried  subzero  temperatures  into  the  northern- 
most part  of  Florida.  Frost  occurs  at  rare  intervals  in  southern  Florida; 
the  average  date  of  the  last  killing  frost  in  the  vicinity  of  latitude  29°  is  about  the 
middle    of    February. 

In  most  of  the  central  and  eastern  cotton  States  February  precipitation  averages 
over  4  inches,  and  it  exceeds  6  inches  in  parts  of  Alabama  and  Georgia.  From 
these  areas  the  amounts  decrease  to  about  1  inch  in  central  and  western  Okla- 
homa and  the  cotton  districts  of  western  Texas.  Precipitation  is  still  light  in 
the  Great  Plains,  and  the  rainy  season  continues  in  the  Pacific  Coast  States. 

During  this  month  vegetation  remains  practically  dormant  in  the  northern 
half  of  the  country,  except  on  the  Pacific  coast.  In  the  most  southern  sections 
hardy  truck  crops  are  planted  and  grown  in  the  open,  protected  from  the  severest 
cold  weather.  The  seeding  of  early  truck  is  accomplished  in  the  southern  tier 
of  States;  the  planting  of  corn  normally  begins  in  southernmost  Texas  early  in 
the    month. 

March 

In  March  the  spring  rise  in  temperature  becomes  rather  pronounced,  especially 
in  the  Central  and  Northern  States.  In  the  most  northern  north-central  districts 
the  monthly  average  is  about  20°  F.,  or  about  15°  higher  than  that  of  February. 
In  a  considerable  belt  along  the  Gulf  Coast  temperatures  average  above  60°,  about 
10°  higher  than  in  the  preceding  month.  Occasionally  very  warm  weather  is 
experienced  in  March,  with  the  temperature  reaching  90°  or  over  in  the  interior 
of  the  country;  above  80°  has  been  recorded  in  all  sections  except  the  higher  ele- 
vations of  the  West.  In  an  average  year  killing  frost  does  not  occur  along  the 
immediate  Gulf  coast  after  March  1,  nor  after  the  close  of  the  month  south  of 
South  Carolina  and  the  most  northerly  portions  of  Georgia  and  Alabama,  central 
Arkansas,  and  central  Oklahoma. 

Precipitation  averages  from  4  to  6  inches  in  the  central  and  eastern  cotton 
States,  and  about  2  inches  in  much  of  the  western  Cotton  Belt.  With  the  seasonal 
rise  in  temperature  there  is  a  noticeable  increase  in  rainfall  in  the  northern  Great 
Plains,  but  in  central  and  southern  portions  of  the  area  the  rain}7  season  does  not 
set  in  until  later.  Rainfall  continues  heavy  along  the  Pacific  coast.  Thunderstorms 
become  more  frequent,  especially  in  the  lower  Ohio  Valley  and  the  central  and 
southern  part  of  the  Mississippi  Valley. 

Vegetation  usually  continues  dormant  during  much  of  March  in  the  northern 
tier  of  States,  but  growth  becomes  rapid  in  southern  sections,  with  such  spring 
crops  as  oats  and  corn  usually  appearing  above  the  ground.  By  the  middle  of 
the  month  the  temperature  rise  is  normally  sufficient  to  permit  corn  planting 
northward  to  southeastern  South  Carolina,  north-central  Georgia,  central  Ala- 
bama, and  southern  Arkansas,  and  for  early  spring-wheat  seeding  in  the  southern 
portion  of  the  Spring  Wheat  Belt.  Seeding  of  spring  oats  begins  as  far  northward 
as  the  central  portions  of  the  country. 

April 

Normally  April  brings  a  marked  rise  in  temperature,  especially  in  the  Central 
and  Northern  States.  The  monthly  averages  are  about  40°  F.  in  the  extreme 
north,  some  20°  higher  than  for  March,  and  in  most  of  the  Gulf  area  they  range 
from  65°  to  70°.  Temperatures  as  high  as  90°  or  above  have  been  recorded  in 
this  month  in  nearly  all  sections  of  the  country,  while  extremes  of  100°  or  over  have 
occurred  in  the  Southwest.  South  of  the  Ohio  and  central  Mississippi  Valleys 
t»  niperatures  seldom  fall  below  20°  in  April. 
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Killing  frost  may  be  expected  to  occur  in  half  the  years  during  the  first  10  days 
of  April  as  far  south  as  central  South  Carolina,  northern  Georgia  and  Alabama, 
central  Arkansas,  and  central  Oklahoma,  but  by  the  close  of  the  month  the  normal 
frost  line  has  receded  to  the  northern  Ohio  Valley,  southern  Iowa,  and  south- 
eastern Nebraska.  However,  during  the  first  half  of  the  month  killing  frost  may 
be  expected  in  1  year  in  10  on  an  average  as  far  south  as  the  southern  parts  of 
Georgia,  Alabama,  and  Mississippi,  and  the  central  portions  of  Louisiana  and 
Texas. 

In  April  it  is  usually  still  too  cold  for  vegetation  to  develop  in  extreme  northern 
sections  of  the  country.  In  central  districts,  however,  winter  grains,  grass,  and 
pastures  frequently  make  considerable  growth,  while  early  planted  potatoes  begin 
to  mature  in  Texas.  Early  fruit  and  berries  bloom  as  far  north  as  Maryland, 
Virginia,  and  the  Ohio  Valley. 

This  is  a  month  of  intense  farm  activity  in  most  sections  of  the  country.  In 
the  Southern  States  the  planting  of  commercial  crops  is  nearing  completion,  with 
cultivation  begun.  Cotton  planting  begins  about  April  1  in  the  central  parts  of 
the  Gulf  States  and  extends  to  the  northern  limits  of  the  cotton  area  about  the 
end  of  the  month.  Corn  planting  begins  about  the  first  of  the  month  as  far 
north  as  southern  Virginia,  Kentucky,  Missouri,  and  Kansas,  and  by  the  end  of 
the  month  usually  as  far  north  as  southern  Pennsylvania,  central  Ohio,  Indiana, 
Illinois,  and  Iowa. 

May 

Normally,  temperatures  continue  to  rise  rather  rapidly  in  May,  the  average 
for  the  month  ranging  from  about  50°  F.  in  the  extreme  upper  Lake  region  and 
the  interior  of  the  Northeast  to  75°  along  the  Gulf  coast.  The  normal  killing 
frost  line  recedes  northward  to  the  northern  limits  of  the  country,  except  very 
locally.  After  the  end  of  May  frost  occurs  on  an  average  in  only  a  few  localities 
of  the  extreme  Northeast  and  the  upper  Lake  region,  but  in  extensive  elevated 
areas  west  of  the  Great  Plains  the  average  date  is  later  than  May  31.  However, 
temperatures  as  low  as  freezing  may  be  expected  as  often  as  1  year  in  10  in  early 
May  as  far  south  as  New  Jersey,  the  central  portions  of  Maryland  and  Virginia, 
the  most  western  part  of  North  Carolina,  central  Kentucky,  and  the  southern- 
most parts  of  Indiana,  Illinois,  and  Missouri. 

An  outstanding  characteristic  of  the  normal  rainfall  of  May  is  the  marked 
increase  over  the  Great  Plains,  with  the  monthly  averages  ranging  from  about  3 
inches  over  the  eastern  part  of  the  area  to  about  2  inches  in  the  west.  May  rain- 
fall averages  more  than  3  inches  practically  everywhere  east  of  the  one-hundredth 
meridian.  East  of  the  Rocky  Mountains  the  heaviest  falls,  more  than  4  inches, 
occur  in  the  Ozark  region,  including  eastern  Oklahoma.  In  Pacific  coast  sections 
the  dry  season  is  approaching,  and  the  decrease  in  rainfall  is  pronounced,  espe- 
cially in  California. 

Farm  work  is  carried  on  actively  during  May  in  all  parts  of  the  country,  with 
corn  planting  beginning  during  the  first  10  days  of  the  month  as  far  north  as 
about  the  northern  limits  of  the  Corn  Belt. 

June 

The  average  temperature  for  June  ranges  from  60°  to  70°  F.  in  the  Northern 
States,  is  lower  at  high  western  elevations,  and  rises  to  about  80°  in  the  extreme 
South.  While,  freezing  temperatures  are  sometimes  experienced  in  the  more 
Northern  States,  killing  frost  occurs  there  as  late  as  the  first  10  days  of  June  only 
about  1  year  in  10. 

In  the  far  West  the  dry  season  becomes  well  established,  but  in  the  Great 
Plains  States  June  is  one  of  the  wettest  months  of  the  year.  It  is  noteworthy 
that  a  large  percentage  of  the  total  annual  rainfall  in  the  Great  Plains  region, 
particularly  in  the  northern  part,  comes  during  the  spring  and  early  summer 
months  when  it  is  of  greatest  value  to  growing  crops. 

June  is  an  important  month  in  crop  development  and  farm  work.  Cotton 
usually  is  blooming  and  fruiting  in  southern  and  central  parts  of  the  Cotton  Belt 
and  forming  squares  farther  north;  corn  is  silking  and  tasseling  as  far  north  as 
\  irKinia  and  Kansas  by  the  close  of  the  month.  Winter  grains  are  usually 
maturing  as  far  north  as  central  Pennsylvania  and  Nebraska  and  heading  and 
blooming  in  more  northern  States.  The  planting  of  corn  is  usually  completed 
in  the  later  districts  early  in  the  month,  and  the  planting  of  late  potatoes  and 
truck  crops  is  under  way  in  the  North. 
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July 

July,  as  a  rule,  is  the  warmest  month,  of  the  year  except  along  the  Pacific  coast, 
where  the  highest  temperatur 

::r  -.It  zl-:-~'L  :^-£r-  :r:n_  - "  :  -  '.  —  t?  in  -he  higher  -It'  i.": :ns  :"  ■'.:-  ■'■  esr  in  i 
; :  :ill"  Tas-  :  "-It  7.  _  :>;■-  M  :  :n-ain-  m  "h-  tittIIt  n :  r-h  *  —  r-r  -Lin  SO"  :v-r 
the  lower  Great  Plains  and  most  of  the  Gulf  area.  Annual 

and  that  for  the  warmest  month,  is  muc     ! 

For  exampi  from  a  minimum  of 

^:  ±  "in  iir-  " :  "  :  :  "  -"  :r  .  I:  ~ii-  a-  N"rj  -  r'.-rin-  -  -  :r :  r_  '~:  in  ~i-  lary 
to  82°  in  Jury,  or  28°.  less  than  half  as  m n  of  coarse,  a  corresponding 

difference  in  the  July- January  recession 
in  Jury,  at  times  unseasonably  low  temperat  rather 

-;    -jr:.-   ::  .he  ."ir-her:-  va-es        It.  :i-'  «  :~:t^t:t.z  -er-_-era-:res  have  :o<r:rre-i 

in  Jury  locally  as  far  south  as  south 

ture  of  record  is  10°.  occurring  in  both  Colorado  ■ 

Ir.  n_::h  ::"  "he  i-:-.^  Plain-  -here  >  -  -':.-  v  era*e.  —  ere  rah-:ah  n.  IvlLv  -ha: 
in  7"ine  -he  m  :n-~  :i:.n:.:  n. ■>'"-;■"  :r:n_  2  '•:  :  noiT>  I"he  ^canry  ramfall  . 
Pacific  coast  sections  is  in  contrast  to  the  normally  heavy  amoun  South- 

eastern States  where  the  maximum,  8  to  10  in 

mum  activity.     The  greatest  average  mn  »  the  months — oa 

-he  -::-ii-m  r.:>:l-  M  :  :n-a:n  irea  i: .  i  -he  -a.-"_  >  ::_:'  ^iri-zns 

July  is  a  month  of  great  activity  on  far 
many  of  the  small-grain  crops  are  accomplished,  with  be> 

persists.     Ample  moisture  is  required  for  the  development  or  many  areas 

it  is  the  most  critical  month  for  the  corn  cr  isually 

becomes  general  by  the  first  of  the  month  as  far  north  as 

and  northern  Kansas,  an  ons. 

-wheat  harvest  normally  begins  in  the  southern  portions  of    i 
Belt  about  July  10.     Cultivation  of  \>  completed  daring 

Ins  month,  with  plants  blooming  and  fruiting  to  the  north- 

and  picking  began  in  southern  portions.     Corn  is  coming  into  tas  -  silk  in 

northern  producing  sections.  Early  potatoes  are  dog  as  far  north  as  New  Jersev 
ani  -h-r  Oh::   V^ley. 

August 

The    r.:rr_il    A  .-  .-:    -en-rer-a:  .:res    :      _:-     :n"r:   znrhT;     :'_-_-   :h:se   ::r    ":iv. 
although  as  a  rule  August  is  a  degree  or  two  cooler,  excep- 

a'c-::-  n::   r     in  " ..:  n. .  •?-  L:r-hern  rar-    ::'  -h-r  i  "-     -     -   r_e— ha:  ..—-t  .n 

:h^eleva  t  .  -  T--:  .  --  :- . :  :>     -  :  n_  :  re  -nan  SO  :  ::.  n_:e-    ::'  :he  >    :':. 

Rainfall  still  results  largely  from  local  thunderstorm  -  e  heaviest  falls, 

8  to  10  inches,  along  the  eastern  Gulf  coast.     There  is  a  noticeable  falling 
precipitation  in  the  Great  Plains,  and  the  dry  season  continue-  Pacific 

•     - 
season  xico  and  Arizona  usual!  rainfall  then  than  in 

any  of  the  other  months. 

In  the  higher  elevations  of  the  more 
becomes  general  in  August,  while  the  harvest  of  -  hues  in  the 

north-central  portions  of  lite  coon 

audi  at  least  the  middle  of  the  month.     In  the  upper  Mississippi 
usually  reaches  the  roasting-ear  stage  about  the  middle  of  August,  or  a 
in  Southern  States  early  corn  ma:  latter  par- 

picking  begins  in  the  southern  Cotton  Belt  during  the  £.-- 
advances  by  the  latter  part  of  the  month  to  southern  North  Carolina 
and  southern  Oklahoma. 


September 

-  tember  the  recession  of  temperature  becomes  quite  noticeable,  amounting 
10c  F.  in  the  northern  portion  of  the  country:  m  the 

is  only  about  3°  cooler  than  August.     Because  of  this  rapid  fall  in 
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:-;;„-.-.fri-    res    •.        -  fr  si    ex    ra    a    an  v  omgc    early  Li   the  month  in  ■  few  far 

untry  and  over  considerable  areas  at  higher  elevations 

-  -  the  dry  season  is  approaching,  with  a  monthly  average 

sa  of  rainfall  over  much  of  the  area.     The  heaviest  average 

September  rainfall  is  in  the  extreme  Southeast,  where  the  monthly  amounts  range 

from  6  to  8  inches.     Hie  rainy  season  also  begins  in  the  -cine  area,  some 

• 

do  largely  with  the  harvesting  of  spring-planted  crops 

e  preparation  of  soil  for  the  seeding  of  winter  grains.     In  the  Winter  Wheat 

especially  I  -      rrous  rains  are  desired  to  condition  seed- 

.  roperly!     Si  -      inter  whet  _     -        the  extreme  northern  portion  of 

the  country  during  the  fin  S  it  the  bulk  of  the  crop  is  not 

sown  until  after  the  10th  of  the  month.     En  the  £  : otton  is  being  picked,  and 

fortur.  sept  for  heavy  rainfall  in  the  extreme  Southeast,  the  fall  season  is 

vear  in  t:  rielt. 

October 

The  midfall  recession  of  tempera  I  Jctober  is  rapid,  corresponding  to 

:>rll,  or  midspring,  ek  get       :ige  from  less  than  - 

m  norther:  -  --  Gulf  coast,  or  an  ai 

of  about  13d  cooler  than  September  in  the  Nbrt  v  .er  in  the  South. 

"    ber  as  far 
soul  and  central 

Nebraska,  and  by  the  dose  of  the  mo  rntral 

Georgia  and  Alabama ,  e  al  Oklahoma. 

.  rida  and  along  the  north 
Paeifi :  the  amounts  range  locally  up  to  10  inches.     Occasional  tropical 

.int  for  the  high  monthly  aver- 
age in  southeastern  Florida,  while  the  c  -blishnient  of  the  rainy  season 
result-  fall  along  the  north  Pa  the  Great  Plains 
i  marked  falling  off  in  precipitation,  much  of  the  area  having 
"  nan  an  inch. 
Tne  more  -inr.  ber  are  the  seeding  of  winter 
grams,  the  husking  or  pi  rn,  and  the  harvesting  of  cotton  and  fruit. 
Tne  threshing  of  spring  gi  -  tally  completed  during  the  month,  and  also 
-inter  wheat,  rye,  and  oats  in  most  sections.  The  bulk  of  the 
cotton  the  month.  k  remain  on  the 
-  .  ^  ■•:  —  esirr:  district?  t  arefn  entry  moved  to  1  ^"e:  levels,  while  in 
s:::jt  .-:-u..-.—  sattk  and  sheej  an    iriven  I     ranches 

lumber 

Mounta.:  I  ;re  for  November  ranges 

-  -  i  res  of  con- 
siderable se                  -etimes  overspread  the  North  Cen:  i      -         -  but  usually  lose 

.  Hy  in  their  eastward  and  southward  prof  i  are  seldom  of  long 

res  have  never  beer. :  rata  first-order 

.er  Bureau  station  south  of  the  Ohio  River,  but  freezing  has  occurred  as  far 
as  Tampa 

-  1  killing  frost  occurs,  on  an  average,  nearly  to  the  central  portions 

and  Oklahoma,  and  by  the  end  of  the  month 

to  norther:  t  of  the  immediate  Gulf  coast.     In  parts  of  the  far 

■    as  well  as  in  most  of  the  Great  Valley  of 
as  a  rule,  during:  November. 

.rs  in  the  central  and  lower 
Mississippi  Valley,  m  itly  more  than  4 

-  a  rule,  have  less  than  an  inch  of  precipitation, 
"--■    -'  ■-     -■     '    -.-".-'..■•   -;,         -•-.:-.     --'...--  ■:-':,    _.-';.--:.    ".::.  s    :..- 

-  "  -  e  an  fa  -  _  ocfaee  :  *  the  month  fa  the 
multhon  cd:  :  -y  of  California,  however,  rainfall  continues  light, 
'--'■    ~"'--^     '  ••   n&    mi  ttm  m   a  :;.        .  :.>   ie  the    :_.    i  *:.     :  —■■—  mi  ra::.:aii  hi 

*n»e  more  important  farm  activities  in  November  are  gathering  corn,  picking 
and  gmnmg  cotton,  and  marketing  potatoes  and  fall  truck  crops"     In  southern 
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sections  the  seeding  of  winter  grains  and  the  planting  of  fall  and  winter  gardens 
continue.  The  digging  of  sugar  beets  is  still  in  progress  in  the  Rocky  Mountain 
and  plateau  districts,  and  by  the  close  of  the  month  the  bulk  of  the  crop  has  been 
delivered  to  factories.  In  most  of  the  western-range  sections  livestock  are  usually 
moved  from  the  higher  levels  to  the  lower  plains  or  to  feed  lots.  In  the  north 
Pacific  area  pastures  usually  are  greatly  improved  because  of  the  increased  rainfall 

December 

The  recession  in  temperature  is  not  so  rapid  in  December  as  in  the  preceding 
fall  months,  although  it  is  rather  marked  in  the  Northern  States.  The  December 
means  range  from  about  10=  F.  in  the  most  northern  north-central  districts  to 
about  55c  along  the  Gulf  coast  and  70°  in  the  most  southern  part  of  Florida. 
Cold  waves  usually  become  more  frequent  and  severe  in  the  interior  of  the  country, 
and  very  low  temperatures  occur  occasionally.  ,  Readings  of  —  50c  have  been 
recorded  in  some  northwestern  sections,  and  subzero  weather  has  occurred  as 
far  south  as  Kansas.  Missouri,  Tennessee,  and  North  Carolina.  Along  the 
central  and  east  Gulf  coast  the  average  date  of  the  first  killing  frost  in  the  fall 
is  about  December  1,  some  3  months  later  than  in  localities  of  the  most  northern 
part  of  the  United  States. 

East  of  the  Rocky  Mountains,  heavy  precipitation  occurs  in  the  lower  V 
sippi  Valley  and  southern  Appalachian  Mountain  districts.  In  Florida,  however, 
the  dry  season  is  on,  while  in  some  of  the  Great  Plains  States  the  monthly  average 
is  only  about  one-half  of  an  inch.  Rainfall  is  heavy  in  the  north  Pacific  area 
and  in  northern  Rocky  Mountain  sections.  Heavy  snows  frequently  occur  in 
the  elevated  regions  of  the  more  western  States,  with  occasional  heavy  falls  in 
Michigan  and  the  interior  of  the  Northeast.  December  has  the  fewest  thunder- 
storms of  any  month  of  the  year. 

Throughout  the  central  and  northern  sections  of  the  country  there  is,  as  a  rule, 
little  farm  activity  during  December.  The  marketing  of  farm  products  continues 
active,  and,  when  the  weather  permits,  some  shock  corn  husking  is  accomplished. 
Much  citrus  fruit  is  usually  harvested  in  Florida,  and  the  harvesting  of  oranges, 
olives,  and  winter  truck  goes  forward  in  California.  This  is  a  critical  frost 
month  in  the  citrus  districts  of  Florida,  Texas,  and  California. 
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SUPPLEMENTARY   CLIMATIC  NOTES  FOR  ALABAMA 

The  surface  of  Alabama  rises  as  an  undulating  plain  from  the  level  of  the  Gulf 
of  Mexico  in  the  southwest  to  foothills  in  the  central  part  of  the  State.  Thence 
there  is  a  sharp  rise  to  the  Appalachian  Mountains,  which  extend  into  the  north- 
eastern counties.  The  general  elevation  of  this  high  area  is  about  800  feet,  but 
some  mountain  summits  rise  to  over  2,000  feet,  the  highest,  Mount  Cheaha  in 
southwestern  Cleburne  County,  being  2,407  feet  high.  In  every  direction  except 
northeast  there   are   downward  slopes  from  these  highlands  into   river   valleys. 

The  northern  part  of  the  State  is  drained  by  the  Tennessee  River;  the  middle 
part  by  the  Tombigbee,  Black  Warrior,  Coosa,  Tallapoosa,  and  middle  Chatta- 
hoochee: and  the  southern  part  by  the  Tombigbee,  Alabama,  Conecuh,  Escambia, 
Choctawhatchee,  and  Chattahoochee  Rivers. 

The  geographic  position,  topography,  and  prevailing  winds  of  Alabama  all 
contribute  to  a  temperate  climate.  The  summers,  while  warm,  are  not  very 
oppressive,  and  heat  prostrations  rarely  occur.  In  these  southern  latitudes  summer 
days  are  shorter  and  the  nights  considerably  longer  than  in  the  north,  which  com- 
pensates somewhat  for  the  more  southerly  geographic  location.  In  the  northern 
counties  higher  altitudes  also  help  make  the  nights  comfortable.  While  the 
summers  are  long,  the  daytime  temperatures  are  not  as  a  rule  excessively  high. 
In  fact,  considerably  higher  temperatures  have  occurred  in  the  extreme  northern 
Great  Plains  than  were  ever  experienced  in  Alabama,  and  27  of  the  States  have 
higher  maxima. 

rely  cold  weather  seldom  occurs,  and  freezing  temperatures  usually  do  not 
continue  longer  than  48  consecutive  hours,  even  in  the  northern  part  of  the  State. 
Thej*e  is  usually  an  abundance  of  sunshine  during  the  crop-growing  months  and 
well  into  the  harvest  season,  but  the  winter  and  early  spring  are  sometimes 
marked  by  prolonged  periods  of  cloudiness  and  heavy  to  excessive  rains.  A 
feature  of  the  Alabama  climate  is  the  relatively  dry,  sunny  weather  (hiring  the 
fall,  or  crop-harvesting  season;  the  coldest  weather  of  winter  and  spring,  also,  is 
usually  accompanied  by  clear  skies. 

Precipitation  is  normally  adequate  for  all  agricultural  needs,  while  the  long 
growing  season  permits  two,  sometimes  three,  crops  a  year  on  the  same  land. 
The  heaviest  rainfall  usually  occurs  when  a  West  Indian  hurricane  passes  inland 
from  the  eastern  Gulf  of  Mexico. 
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There  are  three  climatic  divisions  in  Alabama.  The  northern  lies  north  of 
latitude  33°,  where  the  climate  is  controlled  largely  by  alternating  cyclonic  dis- 
turbances and  anticyclones,  the  paths  of  the  centers  of  which  are  usually  north 
of  the  State.  The  southern  division  lies  roughly  south  of  latitude  31°30;.  It  is 
not  entirely  free  from  influences  peculiar  to  the  Temperate  Zone,  but  the  climate 
is  largely  subtropical  and  is  markedly  influenced  by  the  Gulf  of  Mexico.  The 
climate  of  the  middle  division  is  a  combination  of  those  of  the  other  two  in  modi- 
fied form. 

Owing  to  the  flow  of  cold  air  into  relatively  low  places  and  down  river  valleys, 
there  is  considerable  irregularity  in  the  distribution  of  killing  frosts.  The  grow- 
ing season  is  definitely  shortened  from  this  cause  in  the  river  valleys  of  southern 
counties. 

Precipitation  is  nearly  all  in  the  form  of  rain.  Snow  rarely  falls  except  in  the 
northern  counties  where  it  occurs  on  an  average  of  twice  each  winter.  The 
average  faH  in  this  area  is  only  about  3  inches  per  year,  and  this  includes  unusually 
hcavy  snows  in  a  few  individual  winters.  Snow  seldom  remains  on  the  ground 
more  than  2  days. 

July  rainfall  in  Alabama,  as  elsewhere  in  the  Southeastern  States,  is  of  the 
greatest  importance.  Adequate  precipitation  to  sustain  vegetation  already  in 
good  growing  condition  or  to  revive  crops  suffering  from  previous  droughts  may 
be  expected  to  occur  in  July.  During  the  55  years  from  1884  through  1938,  the 
State  means  were  below  4  inches  only  8  times  in  July,  compared  with  29  times  in 
April,  35  in  May,  and  28  in  June. 

Heavy  to  excessive  general  rains  of  late  winter  or  early  spring  sometimes  cause 
damaging  floods  in  the  streams  of  Alabama.  Although  it  is  possible  for  floods 
to  occur  at  any  season,  March  is  the  month  of  their  greatest  frequency.  Tropical 
storms  sometimes  cause  floods  in  the  summer  and  fall  but  are  very  unusual. 
Extensive  areas  of  rich  bottom  land  are  inundated  in  times  of  flood,  sometimes 
with  much  damage  to  crops,  though  the  land  may  benefit  by  alluvial  deposits 
where  currents  are  not  swift. 

Severe  general  droughts  are  practically  unknown  in  Alabama.  Few  months 
have  ever  passed  without  beneficial  rains  in  some  part  of  the  State,  and  in  only  a 
few  localities  has  an  entire  month  been  without  precipitation.  Relatively  brief 
periods  of  droughty  conditions  sometimes  prevail,  usually  in  the  fall  months  but 
occasionally  in  other  seasons.  Yield  of  crops  is  occasionally  reduced,  but  a 
complete  general  crop  failure  attributable  to  drought  has  never  occurred. 

Destructive  West  Indian  storms  visit  the  coastal  area  on  an  average  about  once 
every  7  years,  between  July  and  November. 

During  the  passage  of  cyclonic  disturbances  over  and  to  the  north  of  Alabama 
there  are  occasionally  destructive  local  windstorms,  some  of  which  develop  into 
tornadoes.  Tornadoes  have  been  experienced  in  Alabama  in  every  month  of  the 
year  and  in  every  county,  but  they  occur  mostly  in  the  spring. 

Thunderstorms  are  most  frequent  in  summer  but  have  occurred  in  all  months. 
They  are  not  often  severe  and  are  only  occasionally  accompanied  by  hail;  destruc- 
tive local  thunderstorms  are  rare. 

Dense  fogs  are  rare  and  most  likely  to  occur  from  November  to  February. 

The  prevailing  direction  of  the  wind  for  the  year  is  from  the  south;  in  winter 
from  the  north;  in  spring,  south;  in  summer,  southwest;  in  September,  east;  in 
October  and  November,  north.  The  highest  recorded  velocity  in  the  State  was 
82  miles  an  hour,  from  the  east,  at  Mobile  on  October  18,  1916. 

Eugene  D.  Emigh,  Associate  Meteorologist  and 
Climatic  Section  Director  for  Alabama, 
Weather  Bureau,  Montgomery. 


Climate  of  Arizona     •     761 


IBTiirnv 

In. 
23.  15 

s.  60 

12.  12 
21.93 
25.51 
11.98 

13.  10 
13.  11 
11.  18 
19.  53 

10.  19 

11.  10 
12.78 
12.00 
17.31 
12.90 
11.15 
11.31 
IS.  9!) 
IS.  to 
21.07 

9.  30 

14.67 

12.23 
17.37 
22.  31 

26.  ss 

CB  to 

I    laquiaoaa 

In. 

1.78 
.01 
.73 

1.09 

1.95 
.79 

1.01 
.  C)0 
.  60 

1.49 
.84 
.80 
.  99 
.  IIS 

1.27 
.SI 
.  59 

1.02 

1.5S 

1.  55 
1.71 
1.03 

.  96 
.  98 

1.91 

2.  S5 
2.91 

t~  t~  to  re 

od  a  —  l-~ 

1  jaqmeAO^j 

•cqcqooo-* *«o  « t~©t-aooo«oot^«c  t-  cj  l-~.  r-i  l~  t-  as  r-  «a  «a 

3SS3 

^~          *"""*                   ■"■                   ~                                            



aeqopo 


^  -^  ^  re  tt  x  —  t-  c;  —  ^t  x  x  x  -^  •--:  —  d  x  —  x  n  x  t-  i x       x  ^  -  c  y  -  n 


-N^r.x  CO  N  D  I 


aaqtnejdag 


r  c  ^  r:  >■-.  re  ;  r.  n  n 


—  gs  —  a i  —  x  —  x  a 


jr.x-x^crecxNjx 


,      2^SS^5X 


jsti^ny   ! 

III. 

3.  64 

1.30 
2.  08 
4.31 
4.17 
2.31 

2.  39 

3.  22 
2.  05 

4.  07 
2.  11 
2.  17 
2.  96 

2.  70 

3.  SO 
2.  95 

2.  OS 

2.87 

3.  51 
3.  79 
4.01 
1.91 
3.  59 
2.  00 
2.  57 
2.  73 
2.  46 

3.  03 
3.  39 
2.  13 
1.  18 

2. 98 

1.54 

.  S3 

l]Xl£ 

la. 

4.  25 

1.70 

1.53 

4.40 

•1.05 

2.  88 

2.44 

3.  11 
2.  53 

4.  22 
2.  10 

2.  79 

3.  18 
3.  75 
3.  S3 
3.  09 

3.  32 
1.  12 

4.  23 
3.51 

1.  59 
1.75 
3.  04 
2.44 
1.77 

2.  89 
2.  OS 

3.  11 
3.  37 
2.  18 

.70 
2.77 
.90 

.SS 

eurif 


■~  ■ C  N  >-~.  re  x  re  ~  re  ir.  jr.  r-  i.e  ci  ~.  r-  x  -r  ~  ~  ca  C)  ~  x  —  n  x 

_.•  x  -r  x  ~.  ~  "C  —  S  re  -~  ri  r-i  ~r   -  ic  «o  ic  <  -^  ci^rNKL-x 


ci  i--  -.r  cc  ei  ~.  re 


abh 

jNr;-^NC:'--r:--riririM-r:r:--rir:-nNNXr'r; 

-r  d  r-  r-  ^-  ^  ic 
t^  x  i-  re  x  re  M 

-,=:                                                                                                                        ^ 

lady 

^  H  =  K  '#.  2  g  s  £  g  g  «  3  £  ~  ^  ?5  "  £  S  g  £  ?3  S  8  S  S  £ 

x  «*  c;  —  ao  -~  CN 

-,  —            -                                                                 M  —  -. 

— 

qDJBj\: 


— '  ri  — ' 


AJBiuqaj 


^  r.  c  ru:  n  •;  ;  c  x  -  s  ;  n  tc  r:  r>  •;  t«  r:  r) ".:  n  ~  c  ■ 


7)  7-J  — 


^JBTlUBf 


e-J  -r  re  to  -~  N  —  ^e  -.r  re  —  -~  a  re  re  —  t   >-e  — -  re  >--: 
r-  :~  -^  i.-  r  -^  c  t —  t  eo  x  ~.  ~.  re  OB  ~.  Ti  re  re 


paooei 
jo    qjSuei 


.M«ffiNr)--x;SNi;i.':scr:r;r--Nxxx-Nr: 
>.  :n  c*  .—  —  ci  re  ri  n  re  re  re  cj  re  C)  CN  cj  M  tN  re  m  m  cnj  re  re  —      — 

s 


rr  —  re  ~.  —  r-J  ■<- 
t  re  re  —  m  cj  re 


uos^es 

©        3UTA\OJ£) 


o>ne«aeQ>o«NMcoMMiHoomoanN 
—  —  —  — ■  eq  m  ci  e-i  r-J  —  cj  n  —  n  — 


00«DNrtW« 


X  3  X  ^  *  cl  -  =  ?3  =  ?i 


rvrr^^iv ^-v--- 

xCxxCCCCZZZZZCZCCZC 


zzee 


ei  re      —  n  cj 
a  >>>>-~  >>  >»>i>-.  -J.  -J.  C  .•.•.••-.•.-  -J.  .  ■ 


?i  "*"  ~i  r-i 

•  t-  ^  .*  o 
<<2<  = 


paooea 
jo    qj^ueq 


•  x  r~  i-e  —  Le  c.      a 


g"  g*  o  o  s  o  c 

xiczczc 


.,as=,.  a 


a  ££s^ss- 


3ON0C  t-  O  re 


ummiuTiv 


ill    :  I  I  I  I 


tntiniixBi^ 


pjooaj 
I  jo    qjSnaq 


r.  --c      r-i  —  —  ■ 


—  x  re       a 


g  w  2  eg  ;o  a 


«c  o;  t~-  -.o     i  co 

'XN>0 


x  t^  t^  eo      es      —  —  cc  x  ■-  /.  i- 


x  o  tj 
re  t-  — ' 


NKXC-C- 

ic  ei  x  sidrii 


ei      N  ri 


M  r-  —  O 


f)  re  ci  ei  re  —  re  e5 


re  — : 


x  x  c;  r-       ci 


i     i  O.      »o 
S       =       S  - 


|    =    BO 


762     •      Yearbook  of  Agriculture.  1941 


I     .: 

[ennuy   I    ,g , 


KC«NNC«OC 

t^  x  «c  00  t^  si  X  t^  00 


ioqiuaD9(j 


cccc 

CMtJ- 

C^l  r-H  —  —  —  CMCMCMCMCM' 


I  OS        uCCMCMuC-cf- t^OSCO 

'OS        CO!t»OOHONO 


jaqniaAOX 


CMCC^fOSCM- XX- 


iNiONffiOOt^WN 


ss 


MNtNTfOO-O 


jaqopo 


r  CM  -*r  O  CS  —  i 


jaqcaajddg 


ggs  ss 


•(N  — 


OS  >C         NCKOOICNCOMCKN-M-IN' 


jsiiSny         =  ( 


,  —  —  o  —  C 


ice«o«*xN'-':«xcc 


lNM(N«««NN'-«N-eC(NK 


£[nr 


TfOC 

cc  cm 


cm  cm  o  iCTfrHooovi 
■*rx  —  O  —  X  —  t^x; 

CM  cm  cm"  cm'  cc  cm  cm'  — '  — '  CC  CM 


aunf 


c;  ^r  ic  ^t-       c;  cs  r^.  m  r»  cc  cm  cc  < 

CO"K         COO—  O  —  — '  — > 


Xbj\[ 


t-»  t~-  CM  CM  «fl 


o  = 


OK         ffiXOCCNCNMN 


[iidy 


r-  oc  —  cc  -i-  cc  i  -  cm 


k*-kkop:ti.^       oc-r 


oo  cc      eocooefwe.-.  . 

O  —         CMCCiCOCOCOKM 


C:C5  —  C5CM 


iJCCNCCMCOO         CC  CC 


cc      o:  r- 


" 

»s 

CM  — 

_  —  —.  —  CM  CMCM  —  —  CM                —                             CM 

*" 

£jBruqaj 

§5 

CC  00 

cm  —  o  oo  <*  ■*  ^-  cc  —  oc  —  —  cm  os  i-  <r-  os  cm 

NOONNC-cCCrtH  oc-<r-  CC  —  ttO 

S5S838SSS58 

oo  0C' 

CM  — 

CM  —  —  CM  CC  CM  CM  CM  —  CM  —         —  —  —         —CM 

-       - 

— 

XjBtUIBf 

42 

ac. 

csc-i-oi-ccM^cc-ruCTrCMococr.  O  cc  cm 
OI^-CMCMttCM—  OCM  —  —  c««ccxx 

■tCO-  t^  CM  O  CM  CM 

ocooeoooc—  000000 

CM  — 

—  —  —  CM  CM  CM  CM  CM  —  CM  —         —         —               CM 

rH 

^ 

jo    qj3uaq 


.  CC         iC  CM 
•~  —         CC  CM 


CC  CM  CC  —  CM  CC  CM  CM  • 


1  t-  CM  CM  O         TfO 


aosBas 
§  a  i  a\  o  J  Q 


cc.f  CN-K'-xcr-^piNxcca 

OS  CM-I-iOOtCMCCMCC  —  O  CC  CC  X  CC  CC  — 
—  CMCMCMCM  — CMCCCM— CMCM  —  CM  — CMCMCM 


t~  T  — .  CC  ■«•  C~.  I 


E£ 


CM  CC  CC  CM  X  —  Clt^ClT  —  —  f  *f  CM  X  OS  X 
—  CMCM         —  —  —         —CMCM  —  CM 

>>>>>'     ■  >  6  >  *_:  >  >'  _"  >  _'  >  >  >' 

:oooooOcogoooo&oos 


>  >'  >  >'  >'  d  >  >'  > 

CCCCCcvCCC 


o  a 

i  a. 
CQ 


CM  CM  CM  —  —  CM  CC 


—  t-cccuccMr^cc-'rcc      ccecx^KKN      «c>r: 


=<  <:> 


ci  d  ^  c3  c3  -£-   B  *C8  rv  p  fl8  08  rv  W  c3  •- 

S  S  <  5  <■■  h  S  5  <  <  2  §  <  S  2  < 


E&fc. 


jo    qggneq    1 


OC—  l-Tj-Tf-t-CM  —  X 
CCCMCC— CMCCCMCMCC 


tnnaimii\: 


I  ninmixei\ 

I- 


92b 

-J9AB     A[rif 


82BJ8AB 
^  JBHUBf 


pjooea 
jo    qjgua-T;    | 


CC  CM  X  —  X  — 


—  o  t-  i-c  -^  -<r 

«"  6  N  i- oc  u: 
x  t-  t-  x  x  x 


•  CC  -f  T  TT 


-5-XCINNMC 


OS  03  CM  C'  OS  OS  — '  O'  t^ 

x  x  c.  cr.  x  x  c:  c:  x 


C  X  N  OS  O  CM  o  c  o 


CMCC  —  CMCC  —  CMCC 


g      E 

S  c'42  2  c  «  « ,g  g 


P  •?<  CC^S^DH««KtHfc.^ 


^>.CCc2t:t3 
=3  a>°  SK°  C 


IS 
1     i  oi 

!c5^c      ■ 

►*■»       —  ±?  rv^ 


:<<    «oc< 


x 

I-  ""-   C3 

-5^ 


o2 


B    I 


5         1 


Climate  oj  Arizona     •     763 


-^M^C^fN<?r:c       —~: 


ocif  crfc  ~ 


x  si  l:';^;  <j  — ' 


~~.-z.~-n  i-z  n  t~  r~  re  re 


aaoaocNaoi 


iC^^Orrc-  —  c  ^  l:  ^  r:  m> 

e 

sss 

§  s  s  § 

g  »o  re  oo  **  a 

~  -jc  •-  -^  t^t^  ~  ■£  ~  —  x  —  —  t>- 

x-~t~: 

rr  x  rr 

X  —  rr 

■a  — .  ue  ic  se  rr  rr  —  n  re  rr  GO  —  re  re 

S 

rr  X  X 

s  s  s  s 

i-e  ri  t^  >-e  t-  i^- 

x  rr  ~  X  S3  i-e 

rt  re  r:  ■.-:  r.  <•  i»  x  f 
sSNcoonooatH 

rNr)X(- 

i-e  i-e  t-  o  *«■ 

rr  re  re 

2  *  £ 

~                

— 



~         — 

ri             - 

- 



~ 

S  <  rr  re  re  t —  >-e  rr  -.r  x  rr  t-  i-e 

^ 

n  r^  x 

i-e  t  i-e 

$-3^5 

re  rr  x  -r  —  «3 

SSggSSSSSSffgSSS 

2;  x  re 

=5  ~  ~ 

—          —          —  —  — 

— 

- 





M  N  5  -  X  N  C  X  C  N  T.  X  C  N  t^ 

n 

X  t-  X 

8383 

t-  re  i-e  i>»  re  © 

—  ri  x  re  x  S  r~  K  rr 

rr  —  —  r~  t~ 

•r  ri  ri 

-                                   -                      

— 

— 

r*- 

—           _ 

ri- 







X-X5SCNNrN--?r.CL:Nt-5 

'  _:  — ;  _:     '  —  rri  —  —  ri  —  —  —  ri  ri  ri  —  —  re 

rr  ri  —  n 

rr  —  ~  x  - !  rr 
re  'r  r-  ue  re  ri 

—  — :  ri  —  —  re 

—  n  i-  rr.  t-e  rs  n  -  - 

re  —  -  x  —  t-  rr 

re  — '  — '  ri  •<-:  re"  •<*;  -«r  -<t' 

—  re  ri  2i  x 

ri  ri  ri  ri  — ' 

r»  n  re 
ri  <*  ri 

r>i-<r  — 

re  i-e  rr 

re  ri  ri 

x  ;c  r^  r^  —  —  rr  —  rr  n  x  rr  t^  «  r-- 

c-vaiNCNrcscx^^xK 

pi 

r:xr 
■e  *-e  i-e 

•-e  M  rr  ue 
T  rr  n  — 

**  tt  -r  ri 

X  r K  t-  N  l-  s  c  s  ?i  ;  -  r  x 

M  m  c  r  n  ~-  ~  i-e  so  re  ri  —  rr  —  x 

—  —  ri  — '  —  ri  ri  —  — ■'  ri  i-e  -*r  re  ■*-  -^ 

■~  x  -r  —  x  t cr  n  -.r  -.r 

O  rr  t r:  u-  r-  t-  C  t-  C 

ri  —  —  ri  —  ri  re  ri  re  ri  ri 

X 

re  —  re 

SSfeS 

M  rr  —  rr  -<r  rr 

r-i  rire * 

—  -f  re  --C  i-e  r.  i-e  ~.  — 
■-e  n  —  re  —  r~  .-e  to  rr. 

a  i —  x  -r  ri  -<r  se 
c  t»  r  r:  r)  N  c  re 

2Sf, 

rri-rrxc-crr^crri-eri-r.MM       c  n  5  =      r-  rr  i-e  x  ri  rr  rr  Tr  x  rr  *-  re  rr  —  t~  tr  x  -*■  n  r-  ri  re  —  rr  —  - 
— m  C  rr  n  r  ;  l:  m  re  r  ;  r.  l:  n  -  f)       re  n  —  ri       rr  rr  re re  — re  n  ri  —  n  —  ■<?•  re  ^e  -^  n  ri  rr  >-~  i-e  t  re 


c  r  1  rr  C  s  x  e  r:  c  x  n  c  x  c  -  -.  r.  -  c 
71  —  i-e  re  —  i-e  r~  c  i-  =  c  t  -c  r:  m  •-  r  r:  re 

xri'-rc 
tt  —  re  -<r 

^r'recr.i.erirMr-MC-i.et-CCrexMNCXrer.x 
rirer-r-rix-rere?'-rererer-c:t-c=M-cr.-NT 

—                —  — 

-                                                -          ri      - 

«  i-e  -r  rr  ri  —  rrr-rri-er^rrxXT  —  i-e  rr  ^r 

rexc^T-c^xi-ei.et'rr.rXTN'ji 

•>«"  r:  3  ^ 
re  —  c;  t^ 

—  O  ri  —  uz  ue  -^r  —  —  ~  rr-  -^  -r-  x  -^  ■■£  -r1  ~  -r-  \z  -—  ~  ~  re  tt  r» 
^  x  c  C  c  -c  i-e  n  s  t-  s  re  t>  r.  ~  c  c  c  i:  c  ie  t  t-  c  r.  s 

—               — 

— — 

—  ri          —                       ■—      —  ri  —  ri 

—  cc-  t^Xi-ec:~xr-i-exxt-nxri  — 

i-e  0  —  ue  s  i-e  i-e r  t  uz  --r  rr:  a 1 1-  x  —  t-  x 

■<-  t^  re  rs 

srerex 

r^r —  nrxcrexcriLere;rrccrn.er-r.i-ec 
x  r.  -  r  t-  c  re  t-  x  ri  Le  -  -  -  ri  re  c  c  c  -  >e  ri  -  re  -  c 

—  —  — ri—               -<—               — 



—           nre           n ri  -  ri  -  rt  re  n  ri 

re  0  n  n  r  ri  n  c  r.  rue  c  n  -  re  c  i-e  r.  r 
te  r  re  -  r  M  x  -  n  c  ie  l:  -  r.  l:  n  l-.  x  C 

n  c-  c.  — 
rriCX 

n  -  ■«•  5  1^  i.:  c  ri  n  c  ie  r;  n  m  r.  re  i*.  x  n  i.e  1-  r-  -c  -  r:  r 
t^  —  i-e  —  --=  —  rr-  x  x  i-e  ri  0  —  — .  rr:  —  re  re  ~  ~  ~  ~  x  rr  —  x 

—  —       —       —       —           — 



r,M           ^           -^-r,- 

csf-OXiecrrrecririx^'.er.i-ec 
—  re  re re  —  n  —  rerenn  —  nrer»r»— > 

—  r~  —  O 

ri-ri'V 

re  Le  c  ie  i«  l:  c  ue  -  s  n  c  -  ^  r;  ^  -  re  re  cr  re  r:  r.  n  r; 
re  —  ri  n  re  re  -e-  n  re  —  n  n  re n  —  ri  n ri  re  re  —  re 

NXXreCMrMMt ^x r)  c  x  re  e 

C  ^  ri  x  =  -  n  c  rue  n  c  r  re  re  re  c  m  >-e 
r—  ri  ri  ri  ri  ri  —  ri  ri  —  —  —  —  — re  n 

—  t-  =  iC 

-r-  n  i-e  t 
n  ri  n  n 

i-e  c  r.  ;  l:  r  n  »  n  re  x  r.  r.  r  s  -  x  r  t  ~  i-  ri  i-e  re  —  — 
i-e  re  ri  i-e  .:  ^r  -,r  —  t-  n  \z  t-  ri  c:  rr.  vr  ri  t^  re  n  t-  t-  re  -r-  x  ■<- 
n  n  ri  ri  ri  n  —  ri  ri  n  —  —  n  —  —  —  n  —  n  n  n  —  n  —  —  — 

ri>>rJrJ>^-> 

•  co©oc-_rc 


IJJJjJJOC         >>>>         >>>> 

-r_r_r_r_-C:        :c::        c   =   C   C 

::::::z    zzzz    zzzz 


CCr^CCCr,rjCr_r_oCr,CCCr„Cr_^r_ 

zzczzzcczccczczzcczccc 


-xri^xri-x-o^x 


SriOiNC 


OS        0!«XNv-N' 

—  n  ri  —      n 


■■c  ri  — :  ~  ~-  re  t- 


re  ri  r i  ri  "  ri 


S.  5  fe.0.0  rr  ir  ir  = 


2<< 


—  ri  —  ^-rererec; 
ri  re  re  —  —  re  —  n 

2  ri  x  ri  —  x 

ri  —  — .  ri  -,r 

ri  re  ri  n  - 

?> 

~  x  — 

ri-r^rirere? 

;  =  xrer-v£ 

•^-  ^  —  —  re  -^  ■^, 
—  n  —  ri  ri 

x  rr  rr  -^  ri 

x  ri  -  C  r^  c 

re 
1 

—  n  —  re  ri 

Mill 

ri  re  —  —  — 
1     1     1 

£ 

~ 

t-  x  rr  —  x  n 

^cs 

1 

- 

ss 

ri  rr  -.c 

ri   |  — 

1    '    1 

t  s  c:  c  t^  t- 
rt ri  — 

- 

xllli 

s  rj  n  c  re 

£ 

3 

ri  t^  •«■  1-  cp  x 
rt ri  c: 

—  — 

1 

g 

a  — 

t^  rr  -»r 

eee! 

-  c  -  ri  c  re 

—  /  r  —  re  ri 
r.  oo  oo  a 

a' 

^  i-e  t-  x  x 

ri  ;c  i-e  —  c: 
t>.  t^  t^  t>-  « 

ri  n  rt  —  — 

sj  ri  t-  rr.'  ri 
—  t^  t^  X  X 

X 

X 

rr  5 :  x  r  r-  T- 

d  x 
r-  x 

X 

—  X 

«*  re 

x  c  s: 

XXX 

x  <-e  —  n 

x  ri — '  ri 

re  x  t-  ri  —  re 

-  _ 1-  _ 

2 

■criiex-rrxncM 
£  Li  fc  g  £j  °o  0  -4  c*  ad 

s 

s 

=  =  $='$$ 

S  3 

— 

s 

—  ri 
re  — 

=  rex 

reccso 

ri  id  :c  i-e 
—  re  re  re 

rr  —  «-•  aft  co«C       ri      rxri-ieMcc — 

—  re  re       —re       n       rerenri- nre  re  ri-       n 


n  —      ri  —  ■ 


§ 


- 
=  -       =       C       _ 

IfjMifl 

E?r--  =  3  =  3: 


a 

mi    « 


h 
:  •!  Jo       *? 


•  •*■  fe  rt""^ 


S-s  »oO 


:.=  C 


.c  t-X 


M  «  do  £     DOA*Sofc«mcoOWfcJi«dc«<«C  0  O  O  O  ^  £  £  2 


764     •      Yearbook  of  Agriculture.  1941 


,_ 

cr^j-c 

— 

c 

X 

[ennay 

t- 

t- 

NOOCfric^X'rK 

■<»■ 

S 

s 

c^  ij- '«  t~  —  —  «^:  «  »--  c 

jaqaiaoaa: 

£- 

—  -«r  oc  —  tc  c- r--  ti  i-  cc 

jdqrnaAOx 

£^ 

R 

-  O  00  (N  IN  «  «  *  rt  N 

jaqojoo 

^ 

-'-' 

c 
o 

1 

1 

jaqtuajdas 

« 

<~- 

o 

cc«--ccrtc<)cC'9'i--c-:T 

QOOieooooQOQO<oa>«: 

in  co  ec    '    '    '  —  — ' 

IsnSny 

£« 

<N 

ut 

2 

*mr 

it 

■* 

icNiCfl'rt're-  ■*  ss 

I 

ft 

k 

1 

N 

CM. 

CJ  CC  !N                          — 

-Si 

s 

g 

S9SS8SSSS8 

9ULlf 

£d 

^BK 

So 

>-- 

£ 

SSSSSSSSSS 

3 

s 

rudy 

,ej 

XC-  CJ  —  (NNC<: 

8 

IO 

r.'1-" 

■"S-cc  —  ■«pco-*fC^c-:rt 

qoiBK 

-- 

— —-CNi 

M 

tC  i.-  r-  t~  t-  ->r  «c  o  «c  c<i 

—  00  >C  c:  tj-  c^  OC  —  u-  -<r 

ci  — i  oi                 '  — '• 

^retuqaj 

CG 

O 

_ 

2 

t- 

fj^^cwONNiNt.': 

«CCO0C«NTT~'r^ 

A\reritiBf 

pjooaj 

,-- 

s 

oqoMQsiooac 

jo    qi§u^ 

"~ 

<K  l> 

>.-  c  X  i-  <r.  x  ^r  tt  k  * 

aOSB9b 

R 

3UIAiOJ£) 

g" 

— K^NOJNNK 

B 

nc 

OC  —  -r  —  —  >-- t,^ 

CNCC!N—  0<  —  (NM-  ra 

EN 

So 

a 

> 

7. 

Z2. 

c 

s 

ocoa>«-ccccs. 

b. 

Z 

O 

eo 

CCC22Z2222 

Ctc 

3 

<N 

8 

«  oo  o;  t^  cs  cs  c^  ci  —. ■.  rj 

c 

B 

C3  ft 

< 

>> 
03 

tJ    «_'    lJ    — '       •    (-    U.    t.    fc.       . 

ft  ftft-S  o*  *« «»  b 

pjooaj 

^2 

CCCNC»*CfC 

jo    qi^uai 

"~ 

. 

■a  c  r.  r.  c  c  n 

ninaiinij^ 

0 

t 
- 
"5 

= 

LUtllU.XBJV 

3 

338 

es  «  u-  er  oc  «c  c 

-J9AB    £rnf 

0 

-  —  3  os  x  S  cr- 

3§BJ9AB 

•--:  k  -  i»  -  c  c 

'- 

^IBriUBf 

° 

.-IrJjr.C'r 

pjooaj 

^ 

^J^9i  = 

jo    qjgadi 

-- 

TJ 

M 

I 

00 

CD 

c  ;  : 

= 

c 

J- 

C 

3  ®  § 

_ 

=5 

a 

cj 

QE 

— 

ii)~  u.  ~ 

Efe  J  2  CD  S 

Sycan 

Stat 
Tont< 

Etai 
Walni 

Yarni 
Aztec 
Moha 
Parke 
Quart 
Salom 

Yuma 

>. 

! 

c 

Q 

C 

C 

'5 

a 

> 

E 

aj 

> 

> 

Climate  of  Arizona     •     765 


=:      =e 


5      S 

e     3 


3 

•— 

= 

i 

w 

=i. 

— 

- 

^ 

••»» 

> 

~- 

-i. 

C 

M 

£ 

~ 

o 

- 

= 

_ 

& 

~- 

•~- 

<- 

>, 

%> 

•- 

d, 

- 

C  1*1  SO  SB  —  —  —  — 


n  c  <-■:  ?i  -  t^  i.-  -c  r.  -  'r  i-  n 
'cjobt^odoocca 


i 

> 

X 

r- 

X 

X 

xi  3 

a 

r-  x  cr.  o  — '  ri  re  «*  id  C 

_,      I  S3CO«S«    I  C        II  I  Csji.~-.rTr 

-  ^roxsM  I*  x  ~.  t-  oa 

■  s  ~i  cs  — «   *    "  t-»  I  eo"       !      t  ^  g  eo  «-i  ■*  esl 


£  c 


~  -  ~  -  -       - 
—  fl  —  5  C  ©      "< 


^xx-^ 


^e  -.--.-  ~  -r-  rr  re  c: 
~  «--  r:  do  —  r  c  «*  re 


-  a 

=  -£-£  = 


I  ~  .-'  tt  cr."  CO  BO  N  r~  —  t^  BO  id  Q  re  <--'  re  r^  ~'  re  —  <0  &. 

s        N K 


/  r.  c  -  m  r:  -r  ■-■:  c  i-  x  r.  c  -  m  ^  -  •"  -  i  -  /  .- 
s  s  :r  ~  ~  ~  ~  ~  ~  ~  ~  —  Z!  Z.'  Z'  Z!  Z!  Z!  Z!  Z!  Z!  Z' 


r.  »r  re  -  4  —  r  <  x 

r;  —  ei  :- 


-  c  -  r:  n  n  n  x  t~  a  c 


$  1 1 1  5 


766     •      Yearbook  of  Agriculture.  1941 


!tiosBas 
^aiJkiOJQ 


K^t-c;-ci.':::^CNCC3M-':criCri.':i- r  —  re  y.  u-  03  —  e-j  —  t-  u-  u- 

,r>  ~  y.  ~  ~-  ~  ~  -vc  r.  -  -  r  Lt  -  xs  •-"  re  _r  -  ■_:  ir  --  -:  r.  ■_:  ~e  v-e  ■_:  -^  re  ^e  n  re  o»  cr 
»eoeocceoeo«ooocoooe*cooococococoeopoeoeoeococoeocceooo«eoecooeoeoeoec« 


2,2 


e>  a  _g  o  o  >•  c 

--  z  z 


~z       :zz 


■  W     ,•<*'     ,oorc 


-  - 


r;  —  —  ee  re 


■  -       r.  - 


iz 


;ZiZ    ^z^z^z-rz    ^:z    ^z^^^-^z       ^~z_;^z 


I  UOSB*? 

3aiAs.0Jt) 


StS  r: 


^■•^  —  —  -^  ■--.  r - 
^  M  ^)  D  n  M  N 


2  ."  5  H2  tu  ~ 

:n  ?j  ^5  ?i  8  ~1 


a    j         — : 


QO 


go  -«r  ec  e»  eo  es 


-    z   ;.    ^    C   j,   c 

:z2:z:z 


£  =  ££' 


•  —  x  t-  x  —  --r  — .  ■ 


|R»-     S^SSSc**) 


:>>>C~d>>>>>>>^.>>2> 

Zzzz--—  -zzzzzzzZ-o—  z 

CZZZ2  czzzzzzzczz  z: 


.  >  _;  >  ^  >  >  > 

career: 

zczzzzz 


^  ^:  —  t~  u-  ^  • 


S* 


s  -  «a  3—  3  3 


S<i£55i^2<i2S 


2- 


i  nosers 
3atAV0Jf) 

>i  .-e  t-  .-e  o  :*: r  c  =  »  n  >••:  ^  r-  c  c  -  -  -  c;  ■?•  ^  ~  t  C  C  -  z  r.  -  t-  c  c  r: 

?  t^  —  re  —  c  :-  r- ..r  r:  c  t-  ~  x  n  t-  —  --  x  r  ~  -_r  r  ~  re  *  r -  r  r:  T .  r .  —  r :  z  —  c:  —  :r  ce 
S«  re  re  re  re  re  c-j  r-j  re  c5«eoe»eo  C4eoc«5ic«cic«fl00lc«eoeocoeo  cocoSicoeocoeSce 

full 

l)«-c.    II 
Deo.    28 

Deo.    L8 

Nov.  28 
Deo.    23 

Dec.  27 

Nov.  20 
Deo.     19 

Deo.     i 

Nov.  16 
Deo.  28 

Nov.  28 
Deo.     19 

i  too.    B 

Deo.      8 
Nov.    18 

do 

1  >ee.      8 

Nov.     S 
Nov.  29 
Deo    L8 
Nov.   19 
Nov.     0 
Dec.     12 
Doc.     19 
Deo.      4 
Deo.     15 
Deo.      8 
Doc.     L9 
Nov.  26 
Nov.  2(1 
Nov.  23 
Deo.   16 

Deo.     17 
Nov.  80 

3  S 


=5  — 


M  —  30  —  tt  ^ 


-:  ^  —  — :  —  -=^  • 


■^  =  x  r-  =  —  t- 


rt^^C-MX^cc* 


828' 


;-r-r  —  a  --?  -t'-t  *  O-S'9-S  O  BOO 


s  =  S 
n-Sd 


4^Z 


inossds 
^ot^vojo 


I- 


dc  -•  oe  —  s 
r~  t~  ;c  re  — 

CN)  cn  m  cn  M 


c  r:  c  t>  r:  » 


Jd 


DD  BO 


-      - •  -r  i  t  et 


Z.ZZ     zl-z.-z.-z.-z. 


zzz;fzzz:z;zzzz;zzz 


■  -  £ 
>   >  > 

zzz 


c;  >  > 

:zz 


NX:in^r-]Cu:;j:it        t~  -C 


c^     ■  n 


x  ~  ~  ~.  ■*  N  c  re  c  ^  —  r-j  —  x  —  — : 


%& 


—    ~ B3  -  ■ 


■  —  —  —  —  H—   =—   nr:   -  ie  —   r:—  ^   =  3^ 


^<5 


2S 


a*«gd 


tnos«ds 


^r  —  t-  -r  —  tj  -.r  —  —  t-  z~  ~ ■■  t~  ^  ^r  ?i  t»  ri  e^  —  ,_-  ~: 


-1'-. 


"■i  e^i  :m  —  e^  —  ra 


1\3l 


::i:zx::    zzz zzz 


:::c::ac::::::cz: 


—  ~t  • 


u   b   U   U   ^'  ^'  t   u   ^  u 

^<  s  S22  <  <  2  ^<  i  i  <  <  2  < 


tUOJBdS 

SaiiiOjr) 


/'  c  -  ;  N  X  -  :i  r  c  t  r  C  r  -  ;  /  r  ■?  -  c 
e^i  e-i  ?ni      rj  m      -  ^  m  n      ra  —  —  r .  '     K 


2^^  =  Sr,-22?l 


j» 


M  ~  ^e  -r  3c  x  -  re  ~  x 


;2  =  =2  =  =  =  =  =  -s. 


xric^o:  r-i  i^  —  c-a 


>.  >.  >. 


It  k  c  x 


;2^2^222  =£. 


£  5  "  3  E  5  E 


—  —  -  -  -  -  -  -  -£££  ££  £-££!£££:£;££:££;££;£;£;£;  "22*^* 


Climate  oj  Arizona     •     767 


Hill 

=       S 

3  6dT3c 

T       Zr        Z                    Z. 

:z    q 

r3  -- 

zz 

:    -    -    P  _ 

~>>  =  = 
—  —  Z  — 

go »-« r-  fc  «o 

Si  r»  -n  ~*  ^ 

—  x 

c  c  .  r  r 
ZZ~ZZ 

i  I 

r   -   jj   jj   r 

sssss 

- 

z  zf  z; 


-_^i^:  zs 


rj  \z  «c   -  — 


--  -2  S9 

>  ►  :  >  > 

- :   = -  S: 

ZZ   ZZ  C- 


C^NX^ 


^LL^ 


.=    ;  | 

—    -  _-    -  . 

c  a  Z  Z  Z 

:  :  z  :  : 

II 

-  r  -  r  r    =  - 

228=2  gs 


8  -i 


X   ~   X   X 


r 


g  a 
33 


if 


X- 


E  rr  r 


768     •      Yearbook  of  Agriculture.  1941 


Climate  of  Arizona     •     769 


Si  ft  oo  o^o 


£  «*- 

O    hi  v) 

N    i-  O 

_    <  cr 

CC    °  u- 

<    ui  o 

o  z 

<  -. 


n     -OOO    oo     o      S  °>     0        o 
ooSo2«w-    cm     -     ™    .     2       - 


770     •     Yearbook  of  Agriculture.  1941 


•     Til 


.??::>!i"  :•-!":     _ :  v  •  ~:        ."i-  j.i  ii.::..  - 


772     •      Yearbook  of  Agriculture.  1941 

United  States.  This  part  of  the  State  has  become  a  mecca  for  winter  tourists 
and  health  seekers.  The  scenic  and  recreational  areas  in  the  mountain  sections 
of  the  north  and  east  have  a  pleasant  summer  climate,  with  cool,  bracing  nights 
and  frequent  showers  that  sustain  vegetation. 

In  the  higher  areas,  above  7,000  feet,  temperatures  average  as  low  as  in  southern 
Minnesota,  while  in  the  lower  elevations  of  the  western  and  southern  parts  of  the 
State  conditions  are  semitropical. 

The  period  between  the  last  killing  frost  in  spring  and  the  first  in  fall  is  short, 
averaging  less  than  3  months  in  some  places  in  the  elevated  areas  of  the  northern 
and  eastern  parts  of  the  State.  On  the  other  hand,  in  the  lower  elevations  of  the 
Gila  and  Colorado  River  Valleys  a  few  favored  localities  often  escape  killing 
frosts  for  2  or  3  years  in  succession.  Thus  there  are  extremely  wide  variations 
in  the  length  of  the  growing  season.  In  the  irrigated  sections  of  the  southwestern 
part  of  the  State,  truck  crops  are  produced  in  large  quantities  throughout  the 
year,  and  the  growing  of  citrus  fruit  is  an  important  industry. 

Precipitation  occurs  chiefly  during  two  seasons,  the  maximum  during  July, 
August,  and  September,  and  most  of  the  rest  from  December  through  March. 
May  and  June  are  normally  extremely  dry. 

Annual  precipitation  varies  directly  with  elevation  above  sea  level  in  the 
western  half  of  the  State  and  to  the  upper  reaches  of  the  Gila  River  and  its  tribu- 
taries. From  the  Little  Colorado  River  northeastward  to  the  Utah  and  New 
Mexico  boundaries  rainfall  averages  less  than  10  inches,  while  over  the  lower 
elevations  of  southwestern  Arizona  the  annual  average  is  generally  less  than  5 
inches.  The  distribution  of  precipitation  in  all  cases  depends  somewhat  upon 
location  with  relation  to  the  prevailing  direction  of  the  winds. 

Summer  rains  occur  mostly  as  showers  caused  by  solar  heating  and  the  forced 
flow  of  moisture-laden  air  over  elevated  regions.  The  water  vapor  necessary  for 
these  showers  is  transported  by  the  deep  southeasterly  wind  current  forming  the 
western  part  of  one  of  the  large  anticyclonic  eddies  found  aloft  in  summer  over 
the  southern  United  State-  and  adjacent  regions.  The  winter  precipitation  is 
less  of  the  showery  type  and  results  lanrely  from  activity  on  the  Pacific  polar 
front,  which  in  winter  is  at  times  found  as  far  south  as  35°  X. 

Snowfall  is  of  rare  occurrence  in  the  low  elevations  of  the  southern  and  western 
parts  of  the  State,  but  in  the  mountains  and  higher  plateaus  of  the  north-central 
sections  annual  amounts  in  excess  of  100  inches  are  frequently  recorded.  The 
gradual  melting  of  this  snow  later  in  the  year  serves  to  maintain  a  moderate  sup- 
ply of  water  in  most  of  the  streams  until  the  appearance  of  the  normally  heavy 
rains  of  late  summer. 

The  principal  storage  reservoirs  are  Lake  Mead,  formed  by  water  impounded  by 
Boulder  Dam  on  the  Colorado  River:  the  Roosevelt,  Horse  Mesa,  Mormon  Flat, 
and  Stewart  Mountain  Reservoirs  on  the  Salt  River:  the  San  Carlos  on  the  Gila; 
and  Bartlett  Reservoir  on  the  Verde  River. 

The  evaporation  rate  in  Arizona  is  high,  owing  to  low  humiditj'  and  high 
temperatures.  The  annual  average  amounts  from  a  free  water  surface  at  sta- 
tions where  records  have  been  kept  long  enough  to  give  comparable  values  are 
(in  inches):  Yuma  Citrus,  120;  University  of  Arizona  at  Tucson,  91;  Willcox,  89; 
Roosevelt,  77;  and  Mesa  Experiment  Farm,  78. 

The  average  annual  number  of  clear  days  for  the  State  is  222,  partly  cloudy  85, 
and  cloudy  58.  In  some  parts  of  the  southern  section  the  average  number  of 
clear  days  in  the  year  is  280. 

One  of  the  most  striking  climatic  features  of  Arizona  is  the  bright  sunshine, 
which  averages  90  percent  of  the  possible  amount  at  Yuma  and  84  percent  at 
Phoenix,  the  only  stations  where  sunshine  records  are  available. 

The  relative  humidity  is  unusually  low,  averaging  55  percent  at  6  a.  m.  and  27 
percent  at  6  p.  m.  for  the  combined  records  at  Phoenix,  Yuma,  and  Tucson. 
Afternoon  readings  much  lower  than  these  averages  are  frequently  recorded. 

Wind  velocities  are  generally  light,  and  the  direction  of  movement  is  variable. 
The  prevailing  direction  for  the  State  as  a  whole  is  from  the  southwest.  At 
Phoenix  the  prevailing  direction  is  from  the  east,  with  an  average  velocity  of  5.8 
miles  an  hour,  while  at  Yuma  it  is  north,  averaging  5.9  miles  an  hour.  At  times, 
more  often  during  the  warm  season,  frequent  duststorms  occur.  Tornadoes  are 
rarely  seen  in  Arizona. 

Gershom  K.  Greexixg,  Associate  Meteorologist 
and  Climatic  Section  Director  for  Arizona, 
Weather  Bureau,  Phoenix. 
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ARKANSAS 

AVERAGE     ANNUAL 
PRECIPITATION   (INCHES) 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR  ARKANSAS 

Arkansas  covers  an  area  of  approximately  53,850  square  miles,  extending  from 
latitude  34°  to  36°30'  N.  and  longitude  90°  to  94°30'  W.  The  Missouri  Pacific 
Railroad,  crossing  the  State  from  southwest  to  northeast,  skirts  the  foothills  of 
the  mountains.  The  section  east  of  the  Missouri  Pacific,  with  the  exception  of 
Crowleys  Ridge,  is  lowland,  while  that  to  the  west  is  generally  mountainous. 
The  elevation  varies  from  58.9  feet  above  sea  level,  at  a  point  where  the  Ouachita 
River  crosses  the  Arkansas-Louisiana  line,  to  the  two  highest  points  in  the  State, 
Mount  Magazine,  in  Logan  County,  2,823  feet,  and  Rich  Mountain  in  Polk 
County,  which  is  perhaps  a  little  higher  and  is  one  of  the  highest  points  between 
the  Rocky  and  the  Appalachian  Mountains. 

The  entire  State  slopes  to  the  south  and  east,  and  practically  all  the  drainage 
reaches  the  Mississippi  River  through  the  St.  Francis,  White,  Arkansas,  Ouachita, 
and  Red  Rivers — the  White,  Arkansas,  and  Ouachita  draining  most  of  the  State. 
The  soil  of  the  lowlands  is  a  rich  alluvial  deposit  that  is  very  fertile,  but  in  many 
places  that  of  the  uplands  is  badly  eroded  and  has  lost  its  fertility. 

The  climate  of  Arkansas  is  agreeable  and  favors  a  diversified  agriculture.  For 
the  State  as  a  whole,  the  summers  are  moderately  long  and  hot,  with  day  tem- 
peratures sometimes  exceeding  100°  F.  in  July  and  August.  In  a  few  northern 
counties  and  in  the  Ouachita  Mountain  highland,  day  temperatures  are  not  quite 
so  high. 

The  winters  are  short  and  moderately  cold.  In  the  northern  counties  zero 
temperatures  are  of  frequent  occurrence  in  January  and  February,  and  zero  has 
been  recorded  to  the  southern  border. 

Rainfall  for  the  State  as  a  whole  is  rather  evenly  distributed  through  the  year, 
being  ample  under  normal  conditions  for  agricultural  purposes.  The  highland 
sections  are  well  adapted  to  raising  corn,  hay,  grains,  and  fruit,  while  the  lowlands 
arc  best  suited  for  cotton  and  rice  fanning.  The  growing  of  spinach  has  become 
an  important  industry  in  Sebastian  and  Crawford  Counties. 

Most  of  the  precipitation  is  in  the  form  of  rain,  but  snow  occurs  in  the  moun- 
tainous sections  and  frequently  covers  the  ground  for  2  or  3  weeks.  Snowfall  in 
the  southern  counties  is  generally  light  and  snow  remains  on  the  ground  only  a 
few  days. 

Owing  to  the  character  of  the  soil  and  the  steepness  of  the  land  surface  in  the 
mountainous  areas,  hot  dry  summers  are  much  more  damaging  to  crop-  there  than 
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in  the  east  and  southeast.  If  it  were  possible  to  hold  all  rainfall  in  the  locality 
where  it  falls  until  it  soaks  into  the  ground,  droughts  in  Arkansas  would  be  less 
severe. 

Cotton  and  strawberries  are  damaged  by  late  spring  frosts  in  some  years,  but 
as  a  rule  all  crops  mature  in  the  fall  before  the  first  killing  frost. 

Generally  speaking,  precipitation  increases  from  the  northwest  to  the  southeast. 
The  heaviest  rainfall  usually  occurs  in  March,  April,  and  May,  while  the  driest 
months  are  August,  September,  and  October.  May,  with  a  State  average  of  4.87 
inches,  is  the  wettest  month,  and  October,  with  3.06  inches,  the  driest. 

At  most  stations  in  Arkansas  the  prevailing  wind  direction  is  from  the  south  and 
southwest  during  the  warmer  months,  and  in  winter  from  the  north  or  northwest. 
There  are  rather  frequent  east  or  northeast  winds  in  late  summer  and  early  fall. 
In  recent  years  dust  from  dry  regions  farther  west  has  been  brought  into  Arkansas 
during  drought  periods  by  west  and  southwest  winds,  a  new  phenomenon  for  the 
State. 

Walter  C.  Hickmox,  Assistant  Meteorologist  and 
Climatic  Section  Director  for  Arkafisas,  Weather 
Bureau,  Little  Rock. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  CALIFORNIA 

The  topography  of  California  is  more  diversified  than  that  of  any  other  State. 
Elevations  range  from  276  feet  below  sea  level  in  parts  of  Death  Valley  to  14,495 
feet  above  at  the  top  of  Mount  Whitney — the  lowest  and  the  highest  points, 
respectively,  in  the  United  States. 

The  more  outstanding  physical  features  of  California  are:  The  Great  Interior 
Valley,  drained  by  the  Sacramento  and  San  Joaquin  River  systems,  one  of  the 
most  important  agricultural  sections  of  the  State;  the  Sierra  Nevada  on  the  east 
and  the  Coast  Range  on  the  west;  the  San  Francisco  Hay  area,  with  its  adjacent 
small  fertile  valleys;  the  Golden  Gate,  through  which  the  Sacramento  and  San 
Joaquin  Rivers  flow  to  the  sea  and  much  low-lying  marine  air  enters  the  interior; 
the  mountain  ranges  of  southwestern  California,  which  increase  precipitation  on 
their  westward  and  southwestward  slopes,  act  as  a  barrier  to  the  cold  air  from  the 
north,  and  cause  dynamic  heating  of  air  from  the  interior  plateau  as  it  descends 
the  slopes  to  the  fertile  southwestern  plains;  and  the  extensive  desert  regions  in 
the  southeastern  part  of  the  State. 

A  number  of  rivers  flow  into  the  Pacific  through  the  Coast  Range  Valleys,  the 
more  important  of  which  are  the  Klamath,  Eel,  Russian,  Pajaro,  Salinas,  Santa 
Inez,  and  Santa  Clara.  The  many  eastern  tributaries  of  tin;  Sacramento  and 
San  Joaquin  collect  a  vast  amount  of  water  from  the  gently  rising  western  slopes 
of  the  Sierra  Nevada,  but  the  abrupt  eastern  slopes  have  little  run-off,  and  none 
of  the  precipitation  that  falls  east  of  the  Sierras  or  in  the  deserl  regions  to  the 
southeast  reaches  the  sea. 

Climatic  factors  have  an  unusually  wide  range  in  California,  largely  owing 
to  the  influence  of  mountains.  There  are  several  different  climates,  and  marked 
differences   in   climatic   conditions  occur   within   short   distances   because  of  the 
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local  topography.  In  most  other  regions,  latitude  is  the  major  determinant  of 
temperature,  but  not  in  California.  Here  the  isotherms  have  mostly  a  north- 
south  instead  of  the  usual  east-west  trend,  following  topographic  contours  rather 
than  parallels  of  latitude. 

The  Pacific  Ocean,  in  connection  with  prevailing  westerly  winds,  gives  the 
immediate  coastal  area  a  true  marine  climate.  The  Coast  Range,  acting  as  a 
barrier,  nearly  nullifies  this  water  influence  on  its  eastern  sides,  except  in  areas 
opposite  breaks  in  the  barrier;  hence  most  of  the  interior  has  either  a  continental 
or  a  mountain  climate.  While  the  prevailing  westerly  wind  is  greatly  modified 
by  topography,  it  increases  precipitation  and  has  an  equalizing  effect  on  tempera- 
ture over  a  large  part  of  the  State. 

Nearly  all  parts  of  the  State  have  a  wet  season  and  a  dry  season.  This  dis- 
tribution of  precipitation  is  largely  controlled  by  the  anticyclonic  cell  that  is 
normally  found  off  the  California  coast,  particularly  in  summer  when  the  rainfall 
is  at  a  minimum.  Precipitation  in  winter  occurs  usually  when  this  anticyclone 
either  is  absent  or  is  far  south  of  its  usual  position.  Owing  to  conservation  of 
winter  precipitation,  the  summer  water  supply  is  now  more  dependable  in  this 
State  than  in  many  regions  that  normally  have  ample  rainfall  during  the  crop- 
growing  season. 

The  coastal  area  is  marked  by  moderate  temperatures,  with  small  daily  and 
annual  ranges,  and  freezing  weather  is  infrequent  on  the  immediate  coast  to  the 
northern  boundary  of  the  State.  In  the  Coast  Range  mountain  districts, 
temperature  is  largely  controlled  by  altitude  and  local  topography  and  is  much 
more  equable  on  the  western  than  on  the  eastern  slopes.  In  the  coastal  valleys 
the  summer  days  are  frequently  hot,  but  the  nights  are  cool. 

In  the  Great  Interior  Valley  the  summers  are  hot,  day  temperatures  increasing 
from  north  to  south  in  the  San  Joaquin  Valley  and  from  south  to  north  in  the 
Sacramento  Valley,  as  the  marine  air  that  enters  these  valleys  from  San  Fran- 
cisco Bay  is  gradually  warmed.  The  winters  are  mild  throughout  this  area, 
latitude  considered,  as  is  evidenced  by  the  growing  of  citrus  fruit  northward 
nearly  to  latitude  40°. 

In  the  Sierra  Nevada,  altitude  is  the  important  temperature  control,  and  the 
daily  and  seasonal  ranges  are  large,  somewhat  more  marked  on  the  eastern 
than  on  the  western  slopes.  At  the  high  elevations  freezing  temperatures  may 
occur  in  midsummer  and  subzero  readings  in  winter. 

Owing  to  the  marine  influence  on  the  west  and  to  the  mountain  barrier  on  the 
north  and  east,  the  coastal  area  between  Los  Angeles  and  San  Diego  has  one  of 
the  most  equable  climates  in  the  United  States,  but  the  southern  coastal  valleys 
sometimes  have  large  daily  ranges  of  temperature. 

The  normal  length  of  the  growing  season  in  California  ranges  from  the  entire 
year,  365  days,  on  the  extreme  southern  coast,  to  less  than  100  days  in  interior 
mountain  districts  above  the  6,000-foot  level. 

The  average  amount  of  precipitation  is  influenced  by  the  distance  from  the 
ocean,  the  altitude,  the  shape  and  steepness  of  mountain  slopes,  and  the  direction 
of  the  slopes  in  relation  to  the  moisture-bearing  winds.  As  a  rule,  precipitation 
increases  from  south  to  north  and  is  much  heavier  on  southern  and  western  than 
on  northern  and  eastern  mountain  slopes.  Drought  damage  is  rarely  severe 
because  of  the  extensive  use  of  irrigation.  Drought  in  the  spring  may  curtail 
the  grain  crop  and  cause  a  shortage  of  range  feed,  while  the  late  starting  of  fall 
rains  may  unfavorably  affect  winter  pastures,  grain,  and  cover  crops. 

The  average  annual  precipitation  for  different  localities  ranges  from  less  than  2 
inches  in  Death  Valley  to  over  109  inches  in  parts  of  Del  Norte  County.  At  some 
desert  stations  entire  years  have  been  without  precipitation,  while  the  greatest 
annual  amount  is  153.54  inches  at  Monumental,  Del  Norte  County. 

Rains  of  10  inches  or  more  in  24  hours  have  occurred  at  a  number  of  mountain 
stations.  Such  downpours  are  most  frequent  over  the  mountains  of  southern 
California.  Desert  stations  also  occasionally  receive  very  heavy  rains.  Tor- 
rential rains  over  the  mountains  of  southern  California  have  caused  major  floods, 
with  great  property  loss  in  that  area. 

The  average  seasonal  snow  fall  ranges  from  a  trace  or  none  at  all  along  the 
middle  and  southern  coast,  to  449  inches  at  Tamarack,  Alpine  County.  The 
western  slopes  of  the  northern  and  middle  Sierras  include  several  localities  where 
the  mean  seasonal  fall  approaches  the  record  for  the  United  States.  However, 
the  seasonal  snowfall  from  year  to  year  in  mountain  districts  varies  greatlv, 
ranging  from  23  percent  to  215  percent  of  the  normal. 
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Fog  is  most  frequent  in  coastal  and  nearby  foothill  districts,  and  generally 
increases  with  increase  in  latitude  and  altitude,  although  Point  Reyes  on  the 
immediate  middle  coast  has  the  greatest  number  of  days  with  fog.  .  Near  the 
coast  it  is  more  frequent  in  summer  than  in  winter  and  also  on  the  windward  than 
on  the  leeward  mountain  slopes.  Fog  is  common  over  a  considerable  part  of  the 
Great  Valley  in  winter. 

On  the  coast  and  the  windward  slopes  of  the  nearby  mountains,  the  relative 
humidity  is  high  throughout  the  year,  generally  increasing  from  south  to  north 
and  from  winter  to  summer.  In  interior  lowland  districts  it  is  very  low  in  sum- 
mer and  relatively  high  in  winter. 

In  general,  sunshine  increases  with  increased  distance  from  the  coast  and  de- 
creases with  increase  in  latitude  and  altitude. 

Along  the  coast  the  most  frequent  wind  direction  is  northwest.  Elsewhere 
the  surface  winds  are  greatly  influenced  by  mountain  barriers  and  local  topography. 
Tornadoes  rarely  occur  in  California.  The  most,  destructive  local  winds  are 
caused  by  the  flow  of  air  down  mountain  slopes  and  valleys,  as  in  the  "Santa  Ana" 
winds  of  southern  California,  and  the  desiccating  northerly  and  northeasterly 
winds  of  foehn,  or  chinook,  character  that  sometimes  flow  down  into  the  Sacra- 
mento and  San  Joaquin  Valleys. 

Malcolm  Sprague,  Associate  Meteorologist 
and  Climatologist  for  California,  Weather 
Bureau,  San  Francisco. 
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COLORADO 

AVERAGE    JANUARY    TEMPERATURE 
20  18   16    I4'6J820^;\    16        ^is^jjgzf4.26 


.8      20   \?     ^\\gr 


COLORADO 

AVERAGE  JULY  TEMPERATURE 
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COLORADO 

AVERAGE     NUMBER    OF    DAYS    WITHOUT    KILLING    FROST 
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COLORADO 

AVERAGE    WARM-SEASON    PRECIPITATION    (  INCHES)  (APRIL    TO  SEPTEMBER,    INCLUSIVE) 
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COLORADO 

AVERAGE    ANNUAL    PRECIPITATION  (INCHES) 
:^ J  l4j6^l8X.6AVf(l6l6v 16,       /IB  ,18 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR  COLORADO 

Nearly  half  of  Colorado  is  mountainous:  the  rest  is  plains  and  high  mesas. 
About  40  percent  of  the  area  of  the  State  is  above  7,000  feet  in  elevation.  The 
northeastern  section,  with  a  total  area  of  32,000  square  miles,  consists  of  high, 
rolling  plains  with  a  general  slope  to  the  north  and  east. 

By  far  the  greatest  part  of  the  northeastern  section  is  drained  by  the  South 
Platte  River  and  its  tributaries.  These  numerous  tributaries,  which  rise  in  the 
mountains,  are  of  great  importance  as  the  source  of  water  supply  for  extensive 
irrigated  districts.  Much  of  the  mountain  area  drained  by  the  South  Platte  is 
in  a  protected  location,  south  of  the  usual  paths  of  storms,  and  it  does  not  in 
general  receive  heavy  snowfall.  Therefore  the  regular  flow  of  the  stream  is 
inadequate  to  irrigate  all  the  lands  easily  susceptible  of  irrigation.  An  area  of 
nearly  30,000  square  miles  lies  in  the  drainage  basin  of  the  Arkansas  River,  the 
northern  slope  of  which  is  characterized  by  gently  undulating  plains;  on  the 
southern  slope  similar  plains  occur  east  of  the  Purgatoire  River,  but  the  topog- 
raphy is  generally  more  rugged.  Agriculture  in  this  valley  is  almost  wholly 
dependent  on  irrigation. 

The  Continental  Divide  approximately  bisects  the  State  from  north  to  south. 
From  the  main  range,  numerous  secondary  ranges  and  spurs  run  in  all  directions 
in  the  western  part,  forming  many  mesas  and  narrow  fertile  valleys  and  three 
large  upland  parks,  called  North,  Middle,  and  South  Parks.  The  San  Luis 
Valley  is  an  immense  flat  basin.  The  greatest  part  of  the  western  section  is 
drained  by  tributaries  of  the  Colorado.  Most  of  the  streams  in  Colorado  are 
perennial,  but  the  volume  of  water  they  carry  fluctuates  greatly,  depending  on 
the  amount  of  snow  stored  in  the  mountains.  Of  the  principal  streams  from 
which  a  considerable  amount  of  water  is  diverted  for  irrigation,  the  Uncompahgre 
alone  lacks  sufficient  volume  to  supply  the  land  dependent  on  it. 

Because  of  the  diversified  topography  of  the  State,  there  is  a  remarkable  variety  of 
climates,  great  differences  often  occurring  within  short  distances.  Lamar  and  the 
summit  of  Pikes  Peak  differ  by  35°  F.  in  mean  temperature— a  difference  equal  to 
that  between  southern  Florida  and  Iceland.  The  average  annual  snowfall  at  Cum- 
bree  is  264  inches,  while  at  Manassa,  Less  than  30  mile.-  away,  it  is  only  is  inches. 

The  climate  of  the  plain.-  i.-  distinctly  continental.     It>  general  feature 
low  relative  humidity;  a  large  amount  of  sunshine:  Light   rainfall,  confined  Largely 
to  the  warmer  half  of  the  y<*ir;  moderately  high  wind  movement;  ;•  Large  daily 
range  in  temperature;  high' day  temperatures  in  summer;  and  generally    in  the 
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winter  a  few  protracted  cold  spells.  The  climate  of  the  foothills  differs  from 
that  of  the  plains  in  having  diminished  wind  movement,  less  severe  changes  in 
temperature  from  day  to  day,  and  a  narrower  annual  temperature  range,  with  the 
winter  months  notably  warmer.  The  distinct  climatic  feature  of  the  wi 
section,  especially  of  its  lower  valleys,  is  the  comparative  uniformity  of  the 
weather  from  day  to  day.  Severe  cold  waves,  common  on  the  eastern  plains, 
are  comparatively  rare  in  the  western  part  of  the  State. 

The  decrease  in  temperature  from  the  eastern  boundary  westward  to  the 
foothills  is  less  than  might  be  expected,  owing  to  the  occurrence  of  mountain 
and  valley  winds  and  the  greater  frequency  of  the  chinook.  The  extreme  maxi- 
mum temperatures,  on  the  contrary,  are  very  closely  related  to  the  elevation. 
Below  5,000  feet,  day  temperatures  of  100c  F.  are  not  infrequent  during  summer, 
ove  that  elevation  reac.  ^-h  as  100c  are  very  rare.     The  day  tem- 

peratures in  winter  are  lower  on  the  western  slope  than  at  like  elevations  I  - 
the  mountains.  ms  to  be   due  to  the  comparative  rarity   of  chinook 

winds  on  the  western  slope. 

There  is  a  tendency  for  a  high-pressure  area  to  form  in  western  Colorado  in 
winter  and  to  remain  stationary  for  several  days.  When  such  a  pressure  distribu- 
tion controls  the  weather,  the  sky  is  clear,  the  day  temperatures  are  moderately 
high  and  uniform,  and  the  nights  are  cold,  though  seldom  excessively  so  except 
when  the  ground  is  covered  with  snow  and  where  the  air  drainage  is  poor.  Xight 
temperatures  depend  largely  on  the  top:_  air  drainage  exerting  a  gi 

control  than  does  the  actual  elevation.  The  lowest  readings,  from  — 40c  to  — 54 r  F. 
are  observed  in  the  mountain  valleys  and  parks,  where  the  air  tends  to  become 
stagnant.     In  such  localities  there  is  almost  always  an  inversion  of  temperature 
during  cold  spells,  the  greatest  cold  generally  being  confined  to  the  lower  - 
of  air  whose  upper  limits  do  not  always  reach  the  higher  altituc 

The  mildest  weather  during  cold  spells  is  found  below,  or  near  the  mouths  of, 
the  larger  canyons.     The  comparative  freedom  from  frost  in  such  regions  has  led 
to  the  development  of  an  extensive  fruit-growing  industry.     Above  9,000  feet 
may  be  expected  every  month  of  the  year. 

Precipitation  over  the  plains  decreases  from  east  to  west.  An  important  fea- 
ture is  the  proportionately  large  amount  of  rain  that  falls  in  the  growing  season. 

In  western  sections  of  the  State  the  most  important  part  of  the  precipitation 
occurs  in  winter  and  early  spring;  January,  February,  and  March  are  the  months 
of  heaviest  snowfall.  There  is  a  substantial  increase  in  precipitation  with  increase 
in  altitude. 

:inhwestern  counties  there  is  a  marked  tendency  toward  drought  in  late 

spring  and  early  summer;  June  is  practically  rainless.  The  eastern  plains  also  are 

asionally  by  dry  spells  lasting  for  several  weeks. 

average  relative  humidity  is  about  52  percent  in  the  lower  western  valleys 

and  along  the  eastern  foothills,  but  it  increases  to  70  percent  near  the  eastern 

boundary.     The  prevailing  lack  of  moisture  in  the  air  is  favorable  to  increased 

-y  of  the  direct  rays  of  the  sun.  but  the  dry  atmosphere  also  facilitates 

rapid  cooling  by  evaporation,  so  that  even  the  warmest  days  are  comfortable  in 

the  shade  and  are  succeeded  by  cool  nights. 

In  the  lower  western  valleys  the  amount  of  sunshine  is  great,  especially  during  the 
summer  months,  and  an  abundance  of  sunshine  is  received  east  of  the  mountains. 

The  prevailing  winds  of  the  plains  are  from  the  north  or  northwest  in  winter  and 
from  the  south  or  southeast  in  summer.  On  account  of  the  comparatively  level 
and  treeless  character  of  the  country,  high  velocities  often  occur.  At  the  lower 
levels  of  the  western  slope  the  wind  movement  is  light  and  commonly  of  the 
mountain-and-valley  type.  At  the  summits  of  the  mountains,  the  winds  are 
generally  from  the  west  and  are  frequently  very  strong  in  winter  and  spring. 
winds  often  interrupt  traffic  for  considerable  periods,  and  their  action  in 
drifting  and  packing  the  snow  is  very  important.  The  wind  movement  is  lowest 
near  the  foot  of  the  mountains:  over  the  plains  it  ::  ward  the  east.     The 

velocities  are  greatest  in  spring  and  least  in  late  summer  and  fall.  Below  the 
Royal  Gorge,  in  Fremont  County,  the  mountain-and-valley  winds  are  strong 
enough  to  modify  materially  the  climate  of  a  considerable  area.  The  descending 
current  of  air  is  generally  sufficient  to  prevent  ihe  stratification  necessary  for  the 
occurrence  of  excessive  cold.  As  a  consequence,  the  winter  climate  is  milder 
there  than  elsewhere  in  the  State. 

Edwix  B.  Git  and 

•  -  for  Colorado,  Weather 
Bureau,  Dcm 
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FLORIDA 

AVERAGE  JANUARY  TEMPERATURE 


FLORIDA 

AVERAGE     JULY     TEMPERATURE 
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•  FEB  23 
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13 


FEB  18- 
i-i     •__••:     FWOST     LIABLE    I'.NUALLY  9 

C-C     OCCASIONAL  KILLINC-  FEB. 18' 

NO  rec:- 


FLORIDA 

AVERAGE    DATES    OF    LAST 
KILLING    FROST    IN    SPRING 
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NOV.  15 


NOV  30 
DEC  5 
DEC  .10 


DEC.  5 
NOV  30 
NOV  25 
NOV  20 


A-A    KILLING    FROST    L  -  :- 

..NG    FROST   LIABLE  HALF    THE 

C-C     OCCASIONAL  KILLING   FRC 
NO    RECORO   OF  HLLHK 


DEC  15 

DEC  10 


FLORIDA 

AVERAGE    DATES    OF    FIRST 
KILLING    FROST    IN    FALL 
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A— A    KILLING    FROST  LIABLE    ANNUALLY 

NO  RECORD  OF  KILLING  FROST  BELOW    B-B 


FLORIDA 

AVERAGE  NUMBER  OF  DAYS 
WITHOUT  KILLING   FROST 


B 


32  30 


FLORIDA 

AVERAGE  WARM-SEASON    PRECIPITATION  (INCHES) 
(APRIL  TO   SEPTEMBER,    INCLUSIVE) 
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SUPPLEMENTARY  CLIMATIC   NOTES  FOR  FLORIDA 

Florida  is  a  low-lying  subtropical  peninsula  comprising  about  55,000  square  miles 
of  land  area  and  surrounded,  except  on  the  north,  by  the  water.-  of  the  Atlantic 
Ocean  and  the  Gulf  of  Mexico.  It  has  some  3,700  miles  of  indented  coast  line,  the 
longest  of  any  State,  and  no  point  in  the  State  Lb  more  than  60  miles  from  sail  water. 
The  highest  point  in  the  State  is  only  325  feet  above  sea  level,  and  most  of  the 
interior  rant£e>  in  elevation  from  50  to  about  100  feet.  The  coastal  areas  are  low 
and  flat  and  indented  by  many  bays  and  marshy  inlets,  while  most  of  the  extreme 
southern  part  is  composed  of  low  swamplands  known  a-  the  Everglades. 

Numerous  sluggish  stream-  drain  into  the  Gulf  and  the  Atlantic  from  an  ill- 
defined  divide  of  relatively  low.  rolling  hills,  which  extends  roughlj  north  and 
south  near  the  middle  of  the  peninsula.  There  arc  numerous  shallow  lakes 
throughout  the  interior,  the  largest  being  bake  Okeechobee.  Many  varieties  of 
soil  are  found,  ranKine:  from  the  sandy  pinelands  and  marshes  «»f  the  coastal  areas 
to  the  darker  and  more  fertile  soil.-  of  the  interior.  The  reclaimed  muck  soils  of 
the  Everglades  and  similar  soil-  found  locally  elsewhere  are  very  fertile. 

Citrus  and  other  tropical  fruits,  many  varieties  of  truck  crops,  and  sugarcane 
are  the  principal  agricultural  products  of  Florida.      The  State  rank-  among  the 
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greatest  producing  areas  of  the  country  for  winter  and  spring  vegetables  and  truck 
crops,  although  the  production  of  citrus  and  tropical  fruits  is  by  far  the  largest 
single  agricultural  industry.  Some  kinds  of  commercial  crops  are  grown  in  every 
month  of  the  year.     Cotton  and  tobacco  are  important  in  northern  counties. 

Owing  to  the  tropical  marine  exposure,  the  coastal  areas  are  warmer  in  winter 
and  cooler  in  summer  than  the  interior.  The  heat  of  summer  is  tempered  by  sea 
breezes,  while  the  warm  water  modifies  winter  temperatures.  It  is  only  occasion- 
ally that  freezing  occurs  on  the  coast  of  south  and  central  Florida.  Afternoon 
thundershowers  prevent  the  frequent  occurrence  of  extremely  high  temperatures 
in  summer.  From  the  standpoint  of  commercial  crops  the  occasional  cold  waves 
in  winter  are  of  greatest  concern,  for  it  is  mainly  during  the  winter  season  that 
these  crops  are  grown.  Many  winters — sometimes  several  in  succession — pass 
without  frost  or  freezing  in  southern  Florida. 

The  majority  of  the  occasional  cold  waves  of  the  more  severe  type  in  winter 
bring  minimum  temperatures  ranging  from  15°  to  20°  F.  in  extreme  northern 
sections  to  32°  or  slightly  higher  at  the  southern  end  of  the  mainland.  These 
cold  spells,  however,  are  usually  of  short  duration,  rarely  lasting  more  than  3 
days,  and  even  in  the  coldest  periods  temperatures  nearly  always  rise  above  the 
freezing  point  during  the  daytime.  Unusually  severe  cold  waves  and  widespread 
disaster  to  fruits  and  vegetables  are  occasionally  experienced,  however. 

As  the  average  minimum  temperature  for  the  coldest  months  over  most  of 
southern  Florida  is  about  50°  F.,  it  requires  an  active  importation  of  cold  air  from 
the  Northwest  to  cause  subfreezing  temperatures.  This  is  brought  about  most 
effectively  by  an  extensive  mass  of  cold  polar  air  moving  southeastward  over 
the  Plains  and  eastern  Gulf  States  in  conjunction  with  a  mass  of  moist,  tropical 
air  moving  north-northeastward  along  the  Atlantic  coast.  On  the  night  of  the 
arrival  of  the  polar  air  there  is  frequently  considerable  wind  movement,  and 
on  the  following  night,  when  the  wind  subsides,  loss  of  heat  by  radiation  lowers 
the  temperature  still  further.  Consequently  the  second  night  of  a  freeze  is  often 
more  damaging  to  vegetation  than  the  first.  On  such  occasions  marked  differ- 
ences in  temperatures  may  occur  in  places  not  far  apart,  depending  upon  air 
drainage. 

The  seasonal  distribution  of  rainfall  shows  two  high  points  and  two  low  for 
the  year.  The  principal  high  point  occurs  in  summer  and  a  slightly  secondary 
high  occurs  in  winter.  The  minima  occur  in  April  and  November.  There  is  con- 
siderable variation  in  rainfall  from  year  to  year,  and  stations  with  long  records 
show  that  in  the  wetter  years  the  totals  may  be  double  those  for  the  drier  years. 

Summer  rainfall  comes  mostly  in  the  form  of  thundershowers,  which,  on  an 
average,  occur  on  about  half  the  days  at  any  given  station.  These  showers, 
while  usually  heavy,  frequently  last  only  an  hour  or  two;  thus  in  the  so-called 
rainy  season  the  duration  of  rainfall  is  only  about  6  to  7  percent  of  the  time. 
During  the  remainder  of  the  year  rain  occurs,  on  an  average,  about  1  day  in  4. 

In  practically  every  part  of  Florida  there  are  occasional  very  heavy  rains, 
nearly  always  associated  with  tropical  disturbances.  On  the  other  hand,  there 
have  been  periods  of  a  month  or  more  with  no  rainfall  at  all.  These  droughts 
usually  occur  in  spring  and  autumn  at  about  the  time  of  the  annual  minimum  of 
rainfall.     They  may  delay  or  damage  crops,  but  fortunately  are  of  rare  occurrence. 

Winds  of  high  velocity  occur  occasionally  at  all  seasons  of  the  year  in  con- 
nection with  thunderstorms,  but  these  are  of  short  duration  and  local  in  character. 
Tornadoes  also  occur,  averaging  about  two  a  year,  but  they  are  usually  limited 
in  extent  and  do  very  little  damage.  Tropical  storms  produce  the  principal 
winds  of  high  velocity  and  destructiveness  experienced  in  Florida,  but  while,  on 
an  average,  one  of  these  storms  visits  some  part  of  the  State  annually,  damage 
is  usually  confined  to  paths  averaging  40  to  75  miles  wide.  It  will  be  seen,  there- 
fore, that  in  any  given  section  of  the  State  many  years  may  go  by  between  such 
visitations. 

As  would  be  expected  from  the  heavy  rainfall  and  proximity  to  the  sea,  the 
relative  humidity  is  high.  Days  with  dense  fog  average  only  12  to  14  a  year,  and 
fog  is  confined  almost  exclusively  to  the  early  mornings  in  the  colder  season. 

Florida  is  sunny.  The  percentage  of  the  possible  amount  of  sunshine  is  high, 
and  in  southern  Florida  the  abundance  of  sunshine  in  winter  and  spring  con- 
tributes largely  to  making  this  section  popular  as  a  winter  resort. 

Grady  Norton,  Meteorologist  and  Acting 
Climatic  Section  Director  for  Florida, 
Weather  Bureau,  Jacksonville. 


Climate  of  Georgia      • 


- 


- 


[TJIiLLUy 

-  -  :    "    —  -         ■  -  z                    _-    -  -   -  -  —  -~  ic  —  r~  r-  ~ 

.9SS3(OCC -   -  -   r   -          -     -   - 

^  —     "   —   ------        --             --_----_- 

isqiiiao9<I 

r   _-  —  —  r'£~  —  ~  '^  Ti  £L  Zi  r ~  ~ ~  ~  =  ""  r '  ct*00!3  — 

-    —    -      c 

ni"[rnnii>B[ 

—    .    •      -  —  -    -    cer-ao-cso    -  -  .-  -    -            S c 
-C  -    -    —  — ___-     .-._.-. 

-  - .   .  • 

;  :    -  -    ■ 

■n 

jaqni- 

■   -    -   X  —   —  5   X  M  CC   X  —                                                                _            _ 

-  —  -  ~  —  c  — rccc —  —   -  ■-  —  — e  y  — 

-           _       »aoS«Kr>c^r>c                           -  :  - 
-C -  —  _    -----    -_----    -    -------        -    -    -- 

l\p.£ 

fa 

7,  20 
ft  HO 
ft.  ftl 

ft.OI 

0  (Hi 
0  01) 

1     'H 
fl      1    , 

4.7ft 
0.  Ift 

0    10 

0  HH 

1  hll 
7.411 

■jcmf 

—  n  :=                 -             -                  --  —  -.  —  —  — .-:--  -t. 

_r=XX  =  r-—  —  —  r:^r-=c 5  — 

im 

=  aae  «a-^»  ee«  —  at  —  r-iee-ewgewo  —  ■coca —  =  t:i 

[udy 

r--  ri  ~  r\  n  n  re  -.c  —  e  -■  —  —  —   —  -~  •-  --  —  —  --  —  n  ~  -.  r-  -- 
-    -        -   "      -  -   S  —  ►-  x  ic 

qojBj^ 

fa 

1  lii 

i   (9 

i  <n 
i    (Q 

i  in 

:i,  72 
:i  oh 

ft    10 

|       U 
I      II 

2  02 

0  INI 

ft  47 

i  04 
4.7H 

i  ob 

ft.  2ft 

1  Ii, 
ft.  7fi 
i    |fl 
4.77 

ft.  00 
ft.  07 
1    III 
,   HI 

jQHruqa^ 

t- e»  ee  —  >c  se  —  zz  S  t—  rn    -  -  z  _-  -    -    -  --   z  ~    -  —  c-  -  —  — 

^  'r  r   r     -  -  -   -   -       see    -    -  —  -    _--     -  —  _: 
C  —    -----        -    -   -     --ciciccr-i:-.: 

ireutraf 

=  r,  =  -r-  r.  =  cx-<r:«fc —  --  —  —  —  —  r-  —  —  — 

-    X         -     -    "    S   -    -        -  -      -  r   z  "    —  x  —  x 

* -------   -   -   - 

pa  •  at 

zzii'Il^izizl'-'zizzi-'^ 

-    z         3 

=      :  ;  :     r 


:  :    - 

_ 


•  3     5 

1-3 1 

=  3  -  g 


jo    qiJaaq;        — 


i  aosg^b 


CKOS  r~  t-  re  r-xx—  ^r:-r 

-    -  -    -  -     -   -         -    -     -    -    _- -:   r   -:   -      "   — —     - 

- i  n  ri  ri  n  n  —       


-  —  •<:       x  :=  re  —  --  ---- 


iz'zzzzz:  zzzczzzzzzfz: 


_  -  :  - 

-'-       - 


S  I  £  I  £1 


*f  *i.  *nz  ^:*?  *i. 'f  *z 


jo  qiJua^x 


X  «  —  = 


| „    ■  ■ 

■*  1    1    1       1           1      -  -      - 

1        1     -          ~     1               1       1       1        1     -     1 

UlUUIlifcip^ 

— 

:r;rr  =   r  =  =-  =  3r 

OB 
- 
- 

-.BAB    JL[Uf 

i   i 
.    i 

mi   :, 

i    i 

ho  :t 

HI.  2 

81.8 

HI.  1 
HI.  2 

77.7 

70  0 
HID 

H2  :\ 

H2.0 
Hl.H 

i     I 
70.  H 
HI    2 

,  1   ii 

aasa»AB 

..    i 

II    H 

.1     1 

i      ' 

,ii  i> 
i      ,i 

48,  2 
88.7 

ftft.fi 
ft2.  7 

i  |  ,i 

II     l 
ftO  0 

48,0 

ftft.  i 

,i    i 
fil.fi 
fil. 7 

ii  fl 
)i  ii 
in   i 

■BOi 

£ 

"--      " * 

_-  -  ' 


-  -  :      -  - 

c  —  S       -     _ 

-  _  :  -  ; 


:  _.  :  Z  - 
u*        -  -    :  _  J 

:  -  _  .  -  .-  =  -    z 


■ 


I  f  I  = 





!.-!,-< 


•      Yearbook  oj  Agriculture.  1941 


I^IUUV  C-j::;:j--..:.-r::__:::--._:_:-_::;:::--   .- 


Jdqmao^Q 


-  —  -  ^.  iz  -  ~  x 
—  -'.  —  -  y. x  —  —  ~ 


■i-  X  X  i=  *=  —  *;  —  :~ 


—    '   '         -                -                         - - ---.._.. 

adqojoo 

—  ""  '                                                                                                                                                  —  -    - 

jaq— 

=3  ~  ^,  5.  —  ^  t;  —  x  x  *--.  r  r-  _r  r -  _: -  —  - nsKs&sanoaot    -    — 

^  X  x  -    ^  -  -  _ --r         z   z   r         z                  _-     -  z        -_-.--?-•---- 

isnzriY 

In 

(i  ii 

8.  2D 

i  i, 

1  II, 

1    HI 
1    (ID 

1    Dl 

i  ia 

i  60 

l   ..: 
I    l, 

1     ". 

l     .1 
1    1,1 

i  67 

i  b; 

i   ,. 

ft 

=  ?-~^--i^^-_:    "---ir--Jr"      :       '-        ?  -l-Z 

£533S85B3:5S2-C-S3  SSS3S3g£8£SSg£s33 

*"H 

^ssssssssa  :s  :■  -  -  &;  -  -  =  •_- 1 - :-  >  =-  i  - ■ ;  =  5  -  _  -  -.-■  :gsr 

rudv 

5  i  i  1  .--;-=  .-:  ^        r?-r  =  ::  ::  g  ---;;-  l  =  i  =  _=::::  :  n  =.:=-::  = 

V«K 


Areruqsj 


Ajraurf 


PJOD9J 


: 


I .  —  -    —  ..- 


crrss:         -  -    -  —    ■  -   _- 


•     . :   .-   r        - 


-"  -    "   x  --  x   _-   •     _-  —   _    -      •   -   ■-   -   —  r   ■' 

-    _-  —   _-  —  -• 


J  t 

■  = 

: 

B      - 

9  1 


■  Mm 


_;  7  r  -.  ;  i       z_=       Z  --  5  S  13  13  £  2  _:  -   -:  _  r    -~  £  -    -  1  _  _  _  Z    ~  -  1  - 

-  -      -  ---....      r     .      - — —    -_    .      . 


r       r  —  . 

zz:ifz    zf 


ncxr:  »ccs- 


C   _    ■ 

zzzzz  ~  ":z:zzzzz":zzzzz: 


-    r 


— 


^  1  -  _  *  * "  "  - 


^-^"^'-^r^^^'-^^^-^2<-'-^^ 


" 


UllimiUl]\ 


LUUIUUWJ^[    . 

107 
108 

loo 
LOS 

i» 

22S 

=  5tSIS3E£t=^t  =  !-:£~-  =  rzii:S=  - 

1 

A]B_f 

HI    H 

r-  r~  t— 

-- :  -- J«   ..-  r   ^  -  -    -  =  -  "    9  ■    ~   -    -  -  -  x  :-  ~  t~  -  --  » 
^xxxx^xxx-^x.^xx^x^xxxiSy 

aS^j9At; 

:                 * 

--- 

II  1 

ID  :i 

II,  (1 

I  •  (J 

IB,  M 

II  1 

I  1 

,1  .. 

I I  '. 
1'.  li 
1.1  1 

IH  II 

II     . 

1 1    , 

17  (i 

15  D 

Id  y 

IH  1 
10  r, 

pjooaj 
30    qxgpai 


— 


;    z    z  ~   z    - :   z  -     -   _-  -  -     - 


-   £         : 


-    -  -  — 

-  -  =  - 


-  _  -  ■ 

CCS. 


-  -    -  -  - 

z_  —  -  > 


C  fc   C   5   -. 


:-: 


—  :  --  _  —  ___£ 


.-.   -V   JC    .-     - 


_      .       _ 


-   • 

■_ 

'    ' 

' 

W 

rtn  — 

b 

—  — 

-  ■ 

—  - 

3 

T.v 

-S   ~ 

-  -. 

:-- 

— 

c   — 

§5* 

- 

-   - 

■ 

-■  _- 

"  c 

—     - 

a  - 

— 

-_  — 
- 

^.es 

- 

- 
- 

-  •    - 

^ 

- 

■_£ 

-  -  i 

- 

>j; 

5^2 

- 

££^  .- 

-  - 

! 

-  E 

5  £S 

—  r« 

> 

55 

3fcS 

^J 

-  •    - 
-  ■ 

- 

---  -  £- 

> 
■ 

::-- 

-    3     - 

■    - 
- 

—  >»  :?~ 

-    -    ' 

■  - 
—  — 

—  -: 

- 

1 

-•  c 
—  — 

f  -  a 

-----  .-  -■  - 

-------  -    -  -   —  ~  JC 

_    -  _   _        _  _        _ 


-  -  .-  -    -    - 


C  c  3 rr        ---     -  c 

.-<  -r  — —  ■    -----        -- 


. .  .*  _  -  -  —        _  _ 


-  -    -  -  - 


-    "  = 


-    -  ~  —  =  : 


!  E 

a  a 
£5 


c  r  r  .-:  — 
— 

2  £  i  £ 

X£ 

rt  r«-cr  — 

■*•  — 

-  3  I  £  £ 

ifjr 

§£ 

r<  s  ^  ^  -c 

55ii* 

S3C5CS- 

55 

r*  ■*►  -c  — >c 

—  —  —  —  - 

-          -    - 

55 

£  1  _  -  z.  _-  - 

~  jc 

- 


- 

I 

- 

1 

1 

5 

-  -          -  -   -             ------ 

:    :  -  -  :  : 

- 

- 
- 

a 

- 

-  " 

-  -  -  -  -  -  -   - 

: 

1 

■j 

a 

- 

- 
■ 

1 

-                                                                                     r-  3 

-        - 

1 

MSM 

-    - 

: 

1 

~           -------  i  £     £ 

1  ; 

1    I 

J          gitfi  I 

2££  4  -  :  ea 

■-  ■=- 

-    - 

*    a 

D 

— 

-  -  -       _ 

5 

_ 

a    E 

s 

■J 

- 

1 

- 

=  : 

- 
i 

E 

5 

: 

| 

I 

- 

- 

-    -    - 

- 
~»—       — _- ___            -                -       — 

1 

> 

-   -    -                                                          -"-"£££ 

_r 

- 

_                                                                      -------- 

-    _    ■                                                                  —    - 

-   -  -  .- 

_           ~. 

s 

82:2      •      Yearbook  of  Agriculture.  1941 


t  uoseas 


^  —  t-  —  tt  3t  i.-  —  t-  ec  cm  —  :£  —  t~  r-  O  oc  G  re  re  —  ■«*■  r-  —. i  <0  •.-  ^  —  =  iq  —  a:  cm  cm  re  t~-  x>  o 

i-  u-:  -  i-  ;  c  /  :t  -  l:  -  x  -r  c  C  -  :•  :•  "  :^c  l:  -  ;  -  l:  ;  -  /.  i.  -  ;  :  i-  -i  -  ;  r. 

5 


::  —  C 


£   M 


—    NN. CM' 


,N-(Nf)-    CM  re 


ooooooa>oooouOOoOO<ao««oooooooo>ocooooooo 

Z22zzz2z2z::zz:zz    :2-zzzzzzzczzzzzzzz^ 


goooiaeo 


t u-  X  to  ^:  r-  re  a:  re  "*  O  C  —  t»  I 


CM   —  —  CM  — <  -*   ^   — <  —( 


ESSE*  :£s3££3S&SS33S££SfcSSSSSS££SS££SS* 


r 


•t. 


tUOSBdS 
3ni.ii0.ir) 


?j  ^  H  X  c  i 


■o  —  x  o  —  u-.  —  ue  cm  -j  r~  cm  t-  ^ 
cm^cm^cncmcmcmcmcmcmcmcmcm 


SSSSS^! 


2SSS 


C  C  n  c  N  «  Tf  o 


ccoccccccccccccc-roeicc 
ZZZZZ-ZZZZCZZCZZ      C--Z 


o  o  o  o  o~  ccoooooo 


•  cm  ~  re  x  r >.-  x  c  c  n  ^  x  -  -  c  -  c  i-  -  t- 

•  cm  cm  cm  —  cm  cm  —  cm  cm  cm  —  cm  cm  cm       —  —       cm 


cm  —      —      cm  i 


J  ~ 


^^±'l^<^^<-2'Z^<^i±±iiliiMilli~,iiSii 


!    £ 


<       ' 

x     a 
0    c» 


Sm^ojo 


i  r  :i  r.  ^  t:  l-.  ;  ;i  ?:  ^  -  c  -  x  n  ;  c  ;  ;  r:  -  »  c  t>  l:  x  •?  l-  r.  c  =  C  5  M  x  c  ^"  i- 
;r  -.-^-l-.  ;  r!-L---x-rr:cr  mm-:in:icc--c^c:cx--Xi«N'<'icn 


ISSas^SSS^SSS    **: 


:£*    R' 


cm  ccsecet^ 


>  >  >  >     ■  >  >     :  >  >    :     ■>>:>>  Z     •  a  >  >  >  >  >  0  >  >  >  >  >     \a  >  d>  >  > 
D  O  O  O  5  o  O  o  o  O  o  ©  o  o  o  o  0*05  ®  o  o  o.O  o^OO  o  o  o  o"S  O.O  ®  O  o  C 

zzzz;zz:zz:;zz:zz  z-ZZZZZ    ZZZZZCZZ^ZZZ 


2^g88^533R88528R^23w5^8*g5^S«8R,0S32,0S2*' 


lUOSBai: 

gm.ttOio 


i  x  m  -  ^  t  .r  5  ^  t-  n  ^  c  -  x  t;  x  c  c  =  x  I-  i;  ■--.  ?:  -r  m  c  rt  -  s:  c  n  x  -  a  n  so  to 
;  :  :-  -  .:  -  m  =  ?i  -  >.-  n  x  -r  r:  c  -  ^  ri  :j  c  :■  ;  -  »  .-:  -  :^r  c  c  x  'r  .^  •«■  *  *  o  in 

^N^NMNMMN-N?l-?)MNNNMND^MNNN?)DM^MNNP1NNNNN 


r.  c  x  i.-.  •«■  ri  ;       ^  u-  ~  re  re  —  x  ^       l-  -  l-.  c  k  k  s  s  n  c  -       ©  «-h       cm  a;  re  cm  ?o 

—  CM  CM CM       CM  CM  —    CM  CM  —    CM re  —  CM CM    re       —    —  CM  — 


I      E! 


zzzzczz:    z::zz::z    czzczzzzzzz    zz    zZZZZ 


CbC 


O  —  cm  O  re  i--  t- u- 

—       cm  cm  cm       —  cm  - 


>m^oooiooh<« 


, 


<.t^  r:  i.:  r  t-  t-  x  -  m  c  r;  n  n  x  t c  ^  r.  r.  t>  -  r:  -  :i  n  r.  c  c  c  •;  n  c  :i  r.  /  «  ■.; 

^  z  r .  re  >.-.  re  —  x  ~  x  re  c .  r .  —  ?-  —  r  r . .-  -  ■ c  M  ?:  M  -  c  -  c  -  c ru-."- 

.^cmcmcmcmcmcm  —  cm—  cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcm 


BO2r~S8t-823,DS8Seoa8S2gS3SSSe,,SSeoS5sa-H002,*a8S 

zzzz:z:::z::zz::zz::zzzzzzczzzzz^zzczz 


E  M 

_  = 


VO»*Nei5CK* 


^<  2  ^"  s  33s  3ssT°  s  s  33s  s  3333s  <  <  s  3  s  s  s  s  s  s  ^■z- 


gUTAOjr) 


S    6 
„  P 

- 


^t-  cr.  —  re  —  —  t-  —  TJ  ^  ^  X  t-  cm  ^  a  ^  u-  ^;  u-  —  x  t-  -r  re  CM  —  C-.  t-  t~  csi  ■--  i-  ?c  ^  ~.  cm  r - 
-7  c:  =:  o  re  x  -  x  -  x  —  x  x CSNCx-M-Cr-Tf-s-cir: n  r.  c  - 

.^CM  CM  CM  CM CM CM  CM  CM  —  CM CMCM—  CMCMCMCMCM  —  CMCMCMCMCMCMCM  —  CMC4 


^S^^sIn": 


■  cs  >-e  t^  re  >-e  —  cm  cc  oo  s-.  c 


^°°?iS^ 


zzzz:::c;z::z:::z::zz:zzzz:zzzzzzzz:zz 


—  CM         CM  —  — 


--  §  --<---<-<<<  s  s  s  <<<"<<<<  s  3  s  <<  ^  i  ^  s  s  s  i  -<  s  < 


^  s  —  ^  w  ~  £  j£  Cr  £  5  ~  —  ■ '  ^.  "*  t2  H  L:  i  £;'  ?  ~  tg  ^  "^  *■"  ^  tj  25  * ^  S  •"  M  K  'r '  "^ ^  ^ 
i  ~  ?  ?  ?  5  5  t-  t-  ~.  ~.  ~  ~  ~  ~  ~  ~.  ~.  ~  ~  ~  cr.  rr.  i;  c»  cssi  c»  s»  o»  o»  o>  S  S  o>  d»  S  a» 


Climate  of  Georgia     •     823 


-ii    - ■  = 
zzz    cl 


Hi  l< 


^  _  31  — ; 


3    "     — 

X  £1 

.r. 

-   -    - 
c  :  r 

ZZZ 

i^  ^ 

£  s  ■ 

-   _    - 

2 1 2 

snx 

3  H 

_  -  - 

fzz 

f  z 

~  s  r- 
?i  m  — 

HI 

-  -- 

B2  £ 

s  s 

—  r. 

—  S  C 
f  ZZ 

5z 

2  -22 

J 

3  5  « 

■    c 

5z~ 

-  8 

*-a 

_  _  _ 

222 

2  -~ 

82« 

■  -  - 

B1  r» 

i?  ? 

5  z 

r,-^ 
^2^ 

v  — 
2  -• 

~  -  — 

r. 

1 

i 

2*  * 

■  -  P 


:   -   - 


ZK. 


824     •      Yearbook  of  Agriculture,  1941 


GEORGIA 

AVERAGE     JULY     TEMPERATURE 

78            76            74                 74 
1              /               /                   • 

U>    03 

o 

GO 

( — -n   ^  J  /- 

CO 

— <^~t 

C/ 

o 

CO 

Climate  of  Georgia     •     825 


tf>                                       o 

CJ                                          K)               ^ 

o 

°^      /     )s\          o      o  0 

CO 

g 

_J 

> 

/T^rMv\°  Q 

< 

Li. 

If) 

o 

dm 

Z 

O 

i 

ET8 

>■ 

> 

O 

ZS( 

— —  z 

m 

(0 

o 

z 

.  "N 

o 
z> 

"  > 

o 

<r 

z 

u. 

o 

°                        ->^ 

z 

<  J 

O       t5     *—         »      *\         « 

> 

i^VHt/L 

O     H- 

UJ       LO 

u. 
u. 

o 

8 

1  o 

</) 

1— * 

"1    N 

UJ 

1- 
< 

Q 

o 

If) 

\ 

-J    z 

UJ 

CO 

^  \ 

< 

K 

DC 

^   r~ 

UJ 

s^ 

2sT 

> 
< 

g> 

-»^S 

*hj 

o         o£ 

8 

to 

8 

ID 

o 

:> 

1  u 

fe 

> 

o 

z 

o 

z 

o 

o 

o 

if) 

2     $ 

00 

CO 

■  ■iSTk. 

IB.  28 

1.28 

23 

18 

ift 

*     s. 

""/^ 

7(\U-                    £   00  CD 

of 

<       V 

y  <r^tx       u.  uj  uj     _. 

o 

< 

2     S^ 

r   /^a£^      .nil.      co 

z 

o 

2 

ZL  i       7^&k2=>P>S 

E 

CO 

*— >/     y  vyCW^^^co 

0. 

c/) 

of 

< 

^/X.     A\V7~  uj^ 

z 

If) 
CO 

2 

7     /      XV  \  3J^~~    uj 

^    /           1  \      U-^^r             u. 

~ 

2  * 

H 

cr   2 

co 

**    v< 

/\       r                            xr' 

o 

2   /% 

^^cr 

U. 

in        >Hh — ^ 

GIA 

LLING 

R.20 
APR.  15 
kPR.IO 

in 

•     «* 

of 

< 

^^ 

2 

if) 

u.    <"Vs 

2    ll^ 

'of 
< 

2 

r 

<         < 

I  s 

Q       if)       " 

cr 

UJ         Q. 

o      <>  - 

2     o      V 

*  ■ 

OC      K)^  > 

»  5 

co    w 

If) 

S      ^2^ 

<      2 

O. 

'  "  o 

o     — 

o 
cr 

m 

of 
a 

of 
< 

2 

1     * 

cr 
< 

2 

<         222 

5    <      < 

Q. 

< 

< 

826     •      Yearbook  of  Agriculture.  1941 


o  oo 
oo  en  o 

CVjrO  O 

So 


Climate  of  Georgia     •     827 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR  GEORGIA 

Eight  or  nine  northeastern  counties  of  Georgia  are  decidedly  mountainous,  with 
numerous  peaks  rising  to  an  altitude  of  4,000  feet  or  more.  From  this  area  south- 
ward and  southwestward  altitudes  are  generally  above  1,000  feet  nearly  to  Athens 
and.  a  little  beyond  Atlanta  and  Carrollton.  Directly  west  of  the  mountain  area 
is  an  area  of  numerous  broad  valleys  separated  by  ranges  of  hills.  The  country 
extending  southward  to  less  than  30  miles  from  Augusta  and  Columbus  and  nearly 
to  Macon  and  Milledgeville  is  mostly  rough.  Over  this  upland  section  outside 
the  mountain  area  altitudes  range  generally  from  about  600  to  1,800  feet,  except 
along  the  rivers.  Still  farther  south  some  hills  are  found,  but  they  gradually 
become  smaller  and  more  widely  separated  until  an  extensive  low,  flat  plain  is 
reached,  extending  inland  from  the  coast  for  50  to  75  miles. 

The  chief  factors  that  control  the  climate  of  Georgia  are  its  proximity  to  the 
Atlantic  Ocean  and  the  Gulf  of  Mexico,  its  latitude,  and  its  altitude.  The  geo- 
graphical position  of  the  State,  well  south  in  the  Temperate  Zone,  and  its  prox- 
imity to  large  bodies  of  semitropical  water  naturally  indicate  a  warm,  moist 
climate.  While  this  is  true  for  the  central  and  southern  sections,  the  higher 
altitudes  of  the  northern  part  have  a  rather  marked  modifying  effect  on  the 
general  climate  there,  especially  from  Atlanta  to  the  Tennessee  border. 

As  in  other  States  of  the  deep  South,  the  range  between  summer  and  winter 
temperatures  is  small  in  comparison  with  that  in  regions  farther  north.  The 
normal  midwinter  (January)  temperature  for  Georgia  is  only  about  30°  F.  lower 
than  that  for  midsummer  (July),  whereas  the  annual  range  is  as  much  as  60°  in 
some  of  the  more  northern  States.  However,  the  temperature  changes  between 
summer  and  winter  are  often  very  pronounced,  because  the  prevailing  winds  in 
winter  are  from  the  continental  interior  and  modify  the  effect  of  the  ocean  and  the 
Gulf,  imposing  the  continental  type  of  climate  characteristic  of  the  interior  States. 

The  soil  and  climate  of  Georgia  are  suitable  for  the  production  of  cotton,  corn, 
and  the  cereals.  The  State  is  noted  for  its  excellent  peaches,  and  the  Georgia 
watermelon  has  a  national  reputation.  Grapes  grow  well  in  most  sections,  figs 
are  cultivated  as  far  north  as  Atlanta  without  winter  protection,  and  in  the 
extreme  southeastern  part  a  few  oranges  and  bananas  arc  grown. 

Very  changeable  temperature  conditions  prevail  in  winter.  The  daily  maxima 
are  very  rarely  below  32°  F.,  and  there  are  frequent  periods  of  striking  warmth 
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in  the  winter  months.  Unseasonably  cold  or  unseasonably  warm  weather  in 
winter  has  caused  the  average  temperature  in  the  warmest  January  to  be  as 
much  as  20°  F.  higher  than  that  of  the  coldest  January  at  many  places  in  Georgia 
where  the  record  covers  50  years  or  more.  This  is  true  also  for  the  other  winter 
months. 

Normally  the  temperature  rises  rather  rapidly  in  March  and  April.  The  State 
average  temperature  exceeds  70°  F.  for  all  months  from  May  to  September, 
inclusive.  Owing  to  its  high  altitude,  however,  a  large  section  of  northern 
Georgia  is  comparatively  free  from  oppressive  heat,  including,  in  addition  to  the 
mountain  area,  the  upland  section  southwestward  beyond  Atlanta  and  Carrollton. 
There  is  a  marked  constancy  in  temperature  during  the  summer  in  contrast  with 
the  variations  experienced  from  year  to  year  in  other  seasons. 

Although  there  are  wide  variations  in  the  dates  of  the  last  killing  frost  in  spring 
and  the  earliest  in  fall  from  year  to  year,  comparativehr  little  frost  injury  to 
staple  field  crops  occurs,  but  truck  crops  and  fruits  occasionally  suffer  serious 
damage. 

Rainfall  in  the  northern  section  of  Georgia  presents  two  well-marked  peaks, 
one  in  winter  and  the  other  in  midsummer,  separated  by  a  period  of  lighter  rains 
in  both  spring  and  fall.  The  fall  season  is  the  driest  of  the  year.  The  March 
and  July  averages  are  related  to  the  October  and  November  averages  in  the  ratio 
of  about  5  to  3.  Toward  the  south  the  summer  peak  becomes  increasingly 
prominent,  while  the  winter  peak  is  much  reduced. 

Variations  in  rainfall  from  year  to  year  are  remarkable.  At  most  stations 
having  long  records,  the  amount  for  the  wettest  year  is  about  double  that  for  the 
driest.  About  half  the  rainfall  comes  in  amounts  of  1  inch  or  more  within  24 
hours.  Dry  spells  sometimes  cause  heavy  damage  to  growing  crops  and  result 
in  more  or  less  serious  shortage  of  water  supplies.  These  conditions  are  usually 
limited  to  rather  small  areas,  so  that  any  selected  locality  is  not  likely  to  have  a 
serious  drought  oftener  than  once  in  10  to  15  years. 

Snowfall  in  Georgia  is  light — inconsequential,  in  fact— in  many  winters  as  far 
north  as  Atlanta.  An  average  annual  snowfall  of  5  inches  or  more  is  found  only 
in  the  mountain  area. 

The  percentage  of  relative  humidity  is  highest  in  winter,  with  a  secondary 
peak  in  midsummer.  Spring  and  fall  have  the  relatively  driest  atmosphere, 
conforming  to  the  principal  pattern  of  seasonal  distribution  of  rainfall. 

Property  damage  and  loss  of  life  due  to  lightning,  wash-outs,  hailstorms,  and 
tornadoes  are  no  more  serious  in  Georgia  than  in  most  other  States  in  which 
moderate  to  abundant  rainfall  occurs. 

George  W.  Mindling,  Senior  Meteorologist 
and  Climatic  Section  Director  for  Georgia, 
Weather  Bureau,  Atlanta. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  IDAHO 

Much  of  Idaho  has  a  rugged  surface,  with  numerous  ridges  and  spurs  projecting 
from  the  main  mountain  ranges.  There  are,  however,  considerable  areas  of  fairly 
level  or  rolling  prairie  land  between  the  mountains,  and  smaller  valleys  between 
the  minor  ranges.  Elevations  range  from  783  feet  at  the  confluence  of  the  Clear- 
water and  Snake  Rivers  in  Nez  Perce  County  to  12,665  feet  at  the  top  of  Mount 
Borah,  in  eastern  Custer  County.  Considerable  areas  lie  between  2,500  and 
6,000  feet  above  sea  level.  In  the  southern  part  are  the  Snake  River  plains,  an 
extensive  area  with  a  comparatively  flat  surface.  These  plains  increase  in  ele- 
vation from  2,114  feet  at  Weiser,  at  the  extreme  western  edge,  to  5,000  feet  in  the 
extreme  east,  not  far  from  Yellowstone  Park. 

So  far  as  temperature  and  precipitation  are  concerned,  altitude  is  in  general  a 
more  potent  factor  of  control  than  latitude  in  the  climate  of  Idaho.  The  entire 
State  lies  within  the  region  of  prevailing  westerly  winds  and  is  affected  in  a  marked 
degree  by  the  ameliorating  influence  of  the  Pacific  Ocean,  so  that  the  climate  is 
milder  than  its  latitude  and  altitude  would  indicate.  It  is  considerably  milder 
than  that  of  the  States  lying  in  the  same  latitude  east  of  the  Continental  Divide, 
the  loft}'  ranges  of  which  frequently  serve  as  a  barrier  against  the  cold  waves  and 
blizzards  that  occasionally  sweep  down  from  the  Canadian  Northwest. 

Because  of  intervening  north-south  mountains  to  the  west  of  the  State — 
especially  the  Cascade  Range — which  rob  the  eastward-moving  winds  of  much  of 
their  moisture,  precipitation  is  light  except  at  the  higher  elevations.  There  are 
alternating  mountain  ranges  and  lower,  comparatively  flat  intervening  areas  from 
the  coast  of  Washington  to  northern  Idaho.  In  the  Olympic  Mountains,  in 
western  Washington,  the  average  annual  precipitation  is  considerably  in  excess 
of  100  inches,  while  to  the  leeward,  in  the  Puget  Sound  area,  this  is  reduced  to  40 
or  50  inches.  The  amount  of  precipitation  rises  again  in  the  Cascades  of  Wash- 
ington to  more  than  80  inches,  but  decreases  in  the  Columbia  Basin  to  10  or  15 
inches,  while  still  another  rise  in  the  Bitter  Root  Mountains  of  Idaho  brings  the 
annual  average  up  to  more  than  40  inches.  These  variations  afford  perhaps  the 
most  outstanding  examples  of  topographic  influence  on  precipitation  to  be  found 
anywhere  in  the  world. 

The  annual  average  precipitation  in  Idaho  itself  ranges  Locally  from  10  inches 
or  less  over  the  Snake  River  plains  and  northward  into  Lemhi  and  Custer  Counties 
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to  more  than  40  inches  over  southeastern  Shoshone,  eastern  Clearwater,  and  the 
extreme  northeastern  counties.  In  much  of  the  Panhandle  and  southward  over  a 
strip  from  50  to  75  miles  in  width  to  the  northern  parts  of  Elmore  and  Camas 
Counties,  precipitation  ranges  from  20  to  30  inches.  Between  10  and  20  inches 
are  received,  on  an  average,  over  the  southern  and  eastern  parts  of  the  State  and 
over  parts  of  the  interior: 

For  the  State  as  a  whole,  January  is  the  wettest  month.  There  is  an  irregular 
monthly  decrease  until  July  and  August,  which  are  the  driest  months.  After 
August  there  is  a  uniform  increase  in  monthly  amounts  until  January.  Thirty- 
three  percent  of  the  annual  precipitation  occurs  during  the  winter  months, 
December-February;  27  percent  in  March-May;  15  percent  in  June-August; 
and  25  percent  in  the  fall,  September-November. 

The  average  annual  snowfall  ranges  locally  from  16  inches  at  Lewiston,  in  Nez 
Perce  County,  to  230  inches  at  Roland,  eastern  Shoshone  County.  It  exceeds  60 
inches  along  the  Idaho- Wyoming  border,  over  much  of  the  northern  part  of  the 
southwestern  division,  and  the  northern  and  northeastern  parts  of  the  Panhandle, 
and  exceeds  100  inches  locally  in  northern  Fremont  County,  the  northwestern 
parts  of  Adams  and  Valley  Counties,  and  east-central  Shoshone  County.  The 
heaviest  fall  reported,  over  200  inches,  was  in  east-central  Shoshone  County. 
Along  the  Snake  River  Valley  from  southern  Bingham  County  to  southern  Wash- 
ington County,  the  average  annual  amounts  are  mostly  between  20  and  30  inches. 
Snow  has  been  recorded  at  some  station  in  the  State  in  every  month  of  the  year. 

The  last  killing  frost,  or  freezing  temperature,  in  spring  usually  occurs  in  May 
over  much  of  the  Snake  River  Valley  and  to  the  southward,  in  Lemhi  County, 
northern  and  eastern  Custer  County,  and  much  of  the  Panhandle.  However, 
along  the  Idaho- Wyoming  border,  locally  in  the  Panhandle,  and  over  portions  of 
the  interior,  the  average  date  is  in  June.  At  a  number  of  stations  at  high  alti- 
tudes in  the  interior,  frosts  or  freezing  temperatures  are  experienced  in  nearly  every 
month  of  the  year. 

The  first  killing  frost  in  fall  usually  occurs  during  August  along  parts  of  the 
Idaho- Wyoming  border,  locally  in  the  interior,  and  in  northern  Adams  County, 
while  in  the  Boise  River  Valley  and  parts  of  the  western  and  southern  Panhandle 
it  is  usually  deferred  until  October.  Over  much  of  the  remainder  of  the  State  the 
first  killing  frost  is  usually  recorded  some  time  in  September. 

The  average  length  of  the  growing,  or  frost-free,  season  ranges  from  less  than  70 
days  over  much  of  Caribou  County,  parts  of  southern  Valley  County,  the  north- 
eastern parts  of  Boise,  Elmore,  and  Adams  Counties,  and  southern  Custer  and 
south-central  Clearwater  Counties,  to  more  than  160  days  over  the  northwestern 
parts  of  Bannock  and  Nez  Perce  Counties,  southern  Gem,  northeastern  Ada,  and 
southwestern  Clearwater  Counties,  and  locally  in  northern  Idaho  County.  Over 
parts  of  the  Panhandle  and  much  of  the  western  Snake  River  plains  it  exceeds  125 
days,  and  in  some  localities  in  these  areas  even  150  days. 

For  the  State  as  a  whole,  there  is  an  average  of  167  clear  days  during  the  year, 
ranging  from  9  in  January  to  21  in  July;  94  partly  cloudy  days,  ranging  from  7 
days  a  month  during  the  late  fall  and  winter  to  10  in  May;  104  cloudy  days, 
ranging  from  3  each  in  July  and  August  to  15  in  January. 

The  wind  movement  averages  6  miles  an  hour  at  Boise  and  9.2  miles  at  Poca- 
tello.  The  highest  wind  velocities  are  recorded  during  late  winter  or  early  spring, 
and  the  lowest  during  late  summer  or  autumn. 

Hail  falls  occasionally  over  the  agricultural  sections  of  Idaho,  but  usually  it  is 
not  of  sufficient  intensity  to  cause  serious  damage  to  crops.  While  thunder- 
storms occur  over  the  mountains,  they  are  not  frequent  in  the  lower  country  and 
when  they  do  occur  they  are  relatively  mild.  Typical  tornadoes  are  of  rare 
occurrence. 

Harry  G.  Carter,  Associate  Meteorologist  and 
Climatic  Section  Director  for  Idaho,  Weather 
Bureau,  Boise* 
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9UrPUCMENTAKl   CLIMATIC   NOTES   FOR   ILLINOIS 

Illinois  lies  in  -  ral  plain  of  North  America  and  covers  an  area  of 

a  gentle  slope  from  north  to  south  with  an  average 

on  for  the  S  about  600  feet  above  sea  level.     Several  of  the  northern 

count  All  areas  in  the  central  part  have  elevations  generally  above  $00 

th  an  elevation  of  1,241  feet,  is 

-  M  the  junction  of  the 

-  5,  1  he  most  important  river  within  the 

.vines  and  the  Kankakee  Rivers  in  the 

Grundy  County  and  crosses  the  north-central  and  western 

State. 

from    north  to  south,   Illinois    presents  a  rather  wide 
s.     It  lies  within  the  principal  storm  tracks  that 
-      .lence  experiences  marked  weather  changes, 
era  part,  the  climate  is  most  pronouncedly  of 
iran  summers  and  cold  winters:  in  the  central  part, 
9C   warm  and  the  winters  moderately  cold:  while  in  the 
s  are  warm  and  the  winters  still  less  severe. 
Prog)  .-:•  summer  heat  is  interrupted  by  fewer  inter- 

urea  adjacent  to  Lake  Michigan,  that  body  of  water 
-  -  s       :ner  rainfall  is  largely  of  the  local- 

times  the  precipitation 

-   ration.     In  southern  sections  during  the 
ram  low  atmospheric  pressure 
Southwestern  States  and  pass 
up  tin  rt  of  the  winter's  precipitation  is  in  the 

rth.     In   ^  _  s  decrease 

vard:  deep  snow,  a  by  strong    winds  and   drifting,  is  not   un- 

common in  northern  Illinois  and  ma  .r  in  the  extreme  south. 

-  seldom  -  -  peratures  exceeding  100c   F.. 

g    .re  experienced  every 
B 
iate  of  tin       -  g  frost  in  the  spring  is  about   May   10  in 

extreme  northern  Illinois,  mid- April  in  central  and  most  of  the  southern  pans  of 
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the  State,  and  about  the  close  of  March  at  Cairo  in  the  extreme  south.  In  gen- 
eral, the  first  killing  frost  in  fall  occurs  in  October,  the  first  or  second  week  of  that 
month  in  the  northern  part,  the  second  or  third  week  in  the  central  part,  and  dur- 
ing the  last  10  days  in  the  south.  The  average  length  of  the  growing  season 
ranges  from  approximately  150  days  in  extreme  northern  Illinois  to  more  than 
200  days  in  the  extreme  south,  a  difference  of  nearly  2  months. 

Available  records  show  that  the  northern  part  of  the  State  receives  28  percent 
of  its  annual  rainfall  in  the  spring  months,  32  in  the  summer,  and  26  in  the  fall; 
the  central  part,  30  percent  in  spring,  29  in  summer,  and  24  in  the  fall;  and  the 
southern  part,  30  percent  in  spring,  26  in  summer,  and  23  in  the  fall. 

Illinois  has  had  several  major  droughts  in  the  past  half  century — in  1887,  1901, 
1914,  1930,  1934,  and  1936. 

Relative  humidity  ranges  between  72  and  75  percent  in  the  winter  months  and 
64  and  68  percent  in  the  summer.  Sunshine  during  the  year  averages  approxi- 
mately 60  percent  of  the  possible  amount.  For  the^  State  as  a  whole,  measurable 
precipitation  normally  occurs  on  100  days  of  the  year;  the  weather  averages  clear 
on  160  days,  partly  cloudy  on  94  days,  and  cloudy  on  111  days. 

The  prevailing  winds  are  mostly  from  the  southwest  or  south.  The  wind- 
velocity  records  at  first-order  Weather  Bureau  stations  in  and  near  the  State 
show  the  greatest  movement  in  March,  with  an  average  hourly  velocity  of  10  to 
14  miles  an  hour,  and  the  least  in  August,  with  averages  approximately  two-thirds 
those  of  March.  The  highest  wind  of  record,  covering  a  5-minute  period,  was  65 
miles  an  hour  from  the  northeast,  observed  at  Cairo  on  June  21,  1891,  and  at  Chi- 
cago on  February  12,  1894.  Local  wind  squalls  and  tornadoes  sometimes  cause 
destruction  over  limited  areas. 

Elward  W.  Holcomb,  Meteorologist  and 
Climatic  Section  Director  for  Illinois, 
Weather  Bureau,  Springfield. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR    INDIANA 

Indiana  lies  mainly  between  36°  and  42°  north  latitude  and  85°  and  88°  west 
longitude.  The  State  has  a  general  southwesterly  slope,  and  two-thirds  of  its 
approximately  36,000  square  miles  is  drained  by  the  Wabash-White  River  system. 
The  northern  half  of  the  State  has  a  slope  more  westerly  than  southwesterly;  the 
southern  part  slope-  to  the  southwest  except  for  a  section  in  the  extreme  southeast 
which  slopes  southeasterly  and  is  drained  by  the  Whitewater  River.  In  the 
northeast  an  area  of  over  1,000  square  miles  is  drained  by  the  Maumee  River 
northeasterly  into  Lake  Erie,  while  along  the  extreme  northern  border  the  main 
drainage  is  through  the  St.  Joseph  River  into  Lake  Michigan.  The  Kankakee 
Valley  in  the  northwestern  part  of  the  State  drains  into  the  Illinois  River  and 
thence  into  the  -pi. 

The  elevation  of  the  State  ranges  from  about  1,200  feet  above  sea  level  in  the 
north-central  countie-  to  less  than  400  feet  in  the  extreme  southwest  at  the  mouth 
of  the  Wabash.  The  northern  half  has  an  average  altitude  of  about  700  feet  and 
the  south  of  about  600  feet.  Much  of  the  north  is  level  prairie  or  former  marsh- 
land, but  there  are  numerous  moraines  and  hills,  particularly  in  the  northeastern 
These  hills  break  up  the  surface  considerably  and  form  pockets  in 
which  numerous  lakes  have  formed.  Most  of  the  lakes  are  small,  but  the  largest, 
Lake  Wawasee  in  Kosciusko  County,  has  an  extreme  length  of  about  6  miles. 
Much  of  the  southern  half  of  the  State  is  unglaciated  and  has  been  considerably 
weathered  into  miniature  mountain  areas  with  steep  precipices,  through  which 
reams  find  their  way  in  rather  narrow,  tortuous  channels.  Some  are  lost 
through  sinkholes  in  the  limestone  bedrock,  and  there  are  caves  of  considerable 
size. 

Indiana,  especially  the  northern  half,  lies  within  the  sweep  of  winter  cold  waves 
on  the  west  and  northwest,  and  in  summer  it  is  occasionally  visited  by  hot  periods 
which  overspread  the  middle  and  northern  parts  of  the*  great  central  valleys. 
rnate,  therefore,  is  largely  continental,  and  there  are  no  large  bodies  of  water, 
except  in  the  extreme  northwest,  to  influence  climatic  conditions,  which  vary 
lanrely  with  latitude.  In  the  southern  half  of  the  State,  however,  considerable 
surface  irregularities  result  in  many  variations  in  temperature,  and  some  in 
precipitation,    within   comparatively   small   areas.     On   calm,    clear   nights   the 
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numerous  ravines  and  valley  bottoms  often  experience  considerably  lower  tem- 
peratures than  the  slopes  and  tops  of  the  surrounding  hills,  the  "difference  in 
spring  and  fall  being  such  as  to  result  in  frost,  and  even  damage  from  freezing, 
on  the  lower  areas,  while  the  higher  ground  escapes  harm. 

Mean  annual  temperature  and  precipitation  both  decrease  over  the  State  from 
south  to  north.  Severe  cold  is  occasionally  experienced  in  the  winter  season, 
although  on  the  whole  the  3  winter  months  are  characterized  in  the  majority  of 
years  by  mean  temperatures  only  slightly  below  the  freezing  point. 

Precipitation  is  fairly  evenly  distributed  throughout  the  year,  but  a  somewhat 
greater  amount  occurs  in  the  growing  season  than  during  the  other  months. 
Droughts  are  occasionally  of  considerable  severity  for  rather  prolonged  periods, 
but  the  diversity  possible  in  crops  is  such  that  there  is  seldom  or  never  a  complete 
failure  of  all  products  grown  in  the  State. 

In  the  extreme  southern  and  southwestern  counties  the  last  killing  frost  in  the 
spring  occurs,  on  an  average,  about  April  15.  The  date  gradually  becomes  later 
to  the  northward;  it  is  as  late  as  about  May  10  in  parts  of  the  Kankakee  Valley, 
with  its  large  areas  of  dark  peat  soil,  and  the  extreme  northeastern  counties,  with 
their  relatively  high  altitudes.  There  is  a  considerable  area  in  the  south  where  the 
last  killing  spring  frost  occurs  between  April  20  and  25,  and  owing  to  the  protective 
influence  of  Lake  Michigan,  the  date  of  occurrence  in  close  proximitv  to  its  shores 
is  April  25  to  30. 

In  the  fall,  the  first  killing  frost  occurs  about  October  5  in  the  Kankakee  Valley 
and  the  extreme  northeast,  but  southward  the  date  becomes  later  rather  steadily 
until  it  is  about  October  20  along  the  Ohio  and  lower  Wabash  Rivers.  The  in- 
fluence of  Lake  Michigan  delays  killing  frosts  until  about  October  15  or  slightly 
later  around  the  Indiana  shore.  The  average  growing  season  is  thus  more  than 
190  days  in  the  extreme  southern  section,  decreasing  rather  steadily  northward  to 
about  150  days  in  the  Kankakee  Valley  and  the  northeast,  but  lengthening  again 
to  nearly  170  days  near  Lake  Michigan.  Thus  the  extreme  range  between  dif- 
ferent parts  of  the  State  is  about  40  days. 

On  the  whole,  except  in  seasons  of  drought,  the  entire  State  is  well  watered  as 
far  as  the  requirements  of  vegetation  are  concerned.  The  percentage  of  annual 
precipitation  received  during  the  growing  season  increases  from  51  in  the  extreme 
south  to  57  in  the  extreme  north.  This  is  the  reverse  of  the  south-to-north  de- 
crease in  precipitation  for  the  entire  year,  and  it  is  probably  due  largely  to  the 
greater  frequency  of  storm  movement  to  the  north  of  the  State  during  the  season 
when  the  sun  is  north  of  the  Equator. 

Much  more  snowfall  occurs,  as  a  rule,  in  the  northern  than  in  the  southern  third 
of  the  State,  and  large  amounts  of  snow  brought  by  winds  from  Lake  Michigan 
cause  an  average  annual  fall  of  more  than  50  inches  in  parts  of  the  St.  Joseph 
Valley  and  areas  immediately  adjoining.  Annual  snowfalls  of  more  than  30  inches 
occur  in  most  northeastern  counties  from  the  Grant-Adams  border  to  the  Michi- 
gan line,  and  the  amount  decreases  to  about  15  to  16  inches  in  the  area  along  the 
Ohio  River.  The  annual  average  for  the  State  is  about  23  inches.  However. 
marked  winter  depressions  occasionally  pass  eastward  to  the  south  of  Indiana  and 
result  in  much  heavier  snowfall  in  individual  storms  over  the  southern  counties 
than  to  the  northward. 

On  the  whole,  precipitation  occurs  throughout  Indiana  on  an  average  of  slight- 
ly less  than  1  day  in  every  3,  and  there  are  147  clear  days  to  118  cloudy  days. 

John  H.  Armington,  Senior  Meteorologist  and  Cli- 
matic Section  Dirt  dor  for  Indiana,  Weather 
Bureau,  Indianapolis. 
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IOWA 

AVERAGE      JANUARY     TEMPERATURE 


IOWA 

AVERAGE     JULY     TEMPERATURE 
72  72 
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IOWA 

AVERAGE  NUMBER   OF  DAYS   WITHOUT    KILLING   FROST 
140  140     150     150     150  '50  150 


IOWA 

AVERAGE  WARM-SEASON    PRECIPITATION(INCHES) 
(APRIL  TO  SEPTEMBER,  INCLUSIVE) 
i22 
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IOWA 

AVERAGE    ANNUAL    PRECIPITATION    (INCHES) 
28  30  32 


34  34         36 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR    IOWA 

The  Iowa  climate  is  mainly  of  the  extreme  midcontinental  type.  The  general 
topography  is  a  minor  factor,  though  locally  the  influence  on  climate  of  the 
direction  and  angle  of  the  slope  of  hills  is  related  to  the  selection,  management, 
yield,  and  quality  of  certain  crops.  The  range  of  altitude  in  Iowa  is  only  about 
1,200  feet,  with  the  extreme  northeastern  counties  the  most  rugged.  Noticeably 
higher  temperatures  prevail  along  the  Missouri  and  Mississippi  Rivers  than  else- 
where in  the  State,  while  the  divide  between  the  Missouri  and  the  Raccoon, 
extending  south  to  the  southern  boundary  of  the  State,  produces  lower  tempera- 
tures than  the  latitude  warrants  and  shortens  drought  periods  along  the  ridge. 

Hot  winds  and  periods  of  prolonged  high  temperature  occur  occasionally  from 
May  to  September,  more  frequently  in  the  southern  and  western  counties  than 
elsewhere  because  they  have  less  of  the  cooling  influence  of  the  Great  Lakes. 
The  intensity  and  duration  of  these  periods,  rather  than  deficiency  of  rainfall,  in 
recent  years  have  been  the  major  cause  of  crop  damage. 

Cold  waves  are  usually  of  the  boreal  type,  rushing  southward  over  the  State 
from  the  continental  arctic  regions,  but  they  may  also  be  local.  In  the  latter  case 
a  rapid  net  loss  of  heat  by  radiation  follows  a  deep,  porous  snowfall,  in  the  midst 
of  a  weak  high-pressure  area,  with  clear  sky  and  light  wind.  The  winters  average 
about  4°  F.  milder  now  than  when  climatic  records  began,  yet  the  most  prolonged 
severe  cold  in  119  years  was  during  a  period  of  20  to  36  days  from  about  Januarv 
18  to  February  22,'  1936. 

For  the  State  the  average  growing  season  is  158  days,  from  May  2  to  October  7. 
Light  frosts  have  been  observed  in  all  summer  months.  It  is  the  earliness  or  late- 
ness of  the  corn  crop  and  not  the  earliness  or  lateness  of  the  frost  that  determines 
the  amount  of  corn  damaged  by  frost.  A  warm  June  indicates  that  very  little 
corn  will  be  frosted.  All  of  the  important  frost  damage  to  immature  corn  has 
followed  a  June  temperature  2°  F.  or  more  below  normal. 

Precipitation  in  Iowa  (1886-1938)  ranges  from  slightly  less  than  26  inches  along 
the  Big  Sioux  River  in  the  extreme  northwest  to  somewhat  more  than  36  inches 
at  places  along  the  Mississippi  River.  About  71  percent  of  the  annual  precipita- 
tion occurs  in  the  warm  season,  April  to  September,  and  51  percent  in  the  months 
of  greatest  crop  growth,   May  to  August. 

Droughts  are  particularly  important  to  the  major,  spring-planted  crop>,  from 
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April  to  September,  but  prolonged  droughts  at  any  season  affect  the  general  water 
supply.  The  cold  season  is  the  dry  season,  during  which  all  of  the  State,  except 
along  the  Mississippi  and  lower  Des  Moines  Rivers,  has  had  at  some  time  100 
days  or  more  with  1  inch  or  less  of  precipitation.  Only  a  few  droughts  have 
covered  the  entire  State. 

For  the  16  years  1923-38,  according  to  the  assessors'  annual  farm  census,  the 
average  annual  hail  damage  to  crops  in  Iowa  was  $3,266,773,  or  1.05  percent  of 
the  value  of  the  crops  at  risk.  The  greatest  loss  was  $7,975,686  in  1925,  and  the 
least  was  $961,147  in  1935.  The  heaviest  and  most  frequent  hail  losses  are 
usually  in  the  northwestern  counties.  A  good  many  south-central  counties  have 
been  nearly  immune. 

The  average  annual  snowfall  is  greatest — 46.7  inches — at  Northwood,  Worth 
County,  and  smallest — 19.6  inches — at  Bonaparte,  Van  Buren  County.  There 
have  often  been  blizzards  of  great  severity  in  one  part  of  Iowa  and  not  in  another. 
Sometimes  the  line  is  very  sharp  between  an  area  with  12  inches  or  more  of  snow 
and  an  area  with  little  or  none. 

The  average  annual  relative  humidity  in  Iowa,  based  on  7  a.  m.  and  7  p.  m. 
observations,  is  72  percent,  ranging  from  69  in  the  southwest  to  78  at  Charles  City. 
April  and  May  are  the  months  of  lowest  relative  humidity  and  January  of  highest. 

Northwest  winds  prevail  in  winter,  but  from  April  to  October  southerly  winds 
predominate  with  great  regularity.  April  is  the  windiest  month  and  August  the 
least  windy. 

Crops  in  Iowa,  under  exceptionally  intelligent  husbandry,  have  become  adapted 
to  the  prevailing  weather.  Any  important  departure  above  or  below  normal 
weather  is  deleterious,  but  recent  scientific  corn  breeding  and  methods  of  culture 
have  developed  in  that  plant  remarkable  resistance  to  adverse  weather.  Heavy 
winter  precipitation  is  of  little  value  to  spring-planted  crops  and  may  be  a  cause 
of  late  planting  and  the  ills  that  follow  it.  The  exceptionally  heavy  accumulation 
of  snow  in  January  and  February  1936  was  followed  by  calamitous  destruction  of 
corn  by  heat  in  the  summer  of  that  year.  Where  the  snow  had  been  the  deepest, 
the    corn    was    the    most    complete    failure. 

Charles  D.  Reed,  Senior  Meteorologist  and 
Climatic  Section  Director  for  Iowa,  Weather 
Bureau    Des  Moines. 
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KANSAS 

AVERAGE    NUMBER    OF    DAYS 
WITHOUT   KILLING    FROST 
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KANSAS 

AVERAGE  ANNUAL  PRECIPITATION  ( INCHES) 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  KANSAS 

Kansas  is  located  approximately  in  the  geographic  center  of  the  United  States. 
The  elevation  decreases  gradually  from  about  4,000  feet  above  sea  level  in  Sherman 
and  Wallace  Counties,  near  the  Colorado  line,  eastward  and  southward  to  about 
750  feet  in  the  extreme  southeastern  counties.  The  terrain  over  the  north-central 
and  western  parts  of  the  State  is  gently  rolling.  In  the  central  and  southern 
counties  the  land  is  quite  level.  Eastern  Kansas  is  more  hilly,  but  only  along  the 
streams  are  there  any  sharp  elevations. 

Drainage  is  provided  by  two  main  river  systems,  the  Kansas  and  its  tributaries 
in  the  northern  half,  and  the  Arkansas  and  a  large  tributary,  the  Neosho,  in  the 
southern  half.  There  are  fringes  of  timber  along  the  streams  in  eastern  Kansas, 
but  in  the  short-grass  country  of  the  west  few  trees  are  seen. 

The  varietjr  in  the  weather  is  invigorating  and  also  makes  possible  a  great  range 
of  crop  production.  Summer  afternoons  are  often  uncomfortably  warm,  but 
the  long  evenings  provide  relaxation.  During  Indian  summer,  a  period  of  fine 
weather  frequently  occurring  in  the  latter  part  of  September  and  in  October, 
rainfall  is  usually  light,  sunshine  abundant,  mornings  rather  frosty,  and  after- 
noons warm.  The  winter  season  is  frequently  mild,  with  stock  ranging  in  the 
open  much  of  the  time,  though  extremely  low  temperatures  occur  sometimes. 

The  average  annual  temperature  is  55°  F.,  ranging  from  58°  in  the  southeast  to 
52°  in  the  northwest.  The  extreme  annual  range  is  normally  about  125°.  Read- 
ings of  100°  or  higher  have  been  observed  in  all  months  from  March  to  October, 
inclusive.  Long  periods  of  heat  accompanied  by  hot  winds  occur  more  or  less 
frequently  in  July  and  August,  and  100°  or  higher  has  been  recorded  at  many 
stations  for  20  to  25  successive  days  during  some  of  the  more  prolonged  heat 
waves.  Freezing  weather  has  occurred  in  every  month  of  the  year  except  July 
and  August,  and  temperatures  of  zero  or  lower  have  been  commonly  recorded 
somewhere  in  the  State  from  December  through  February,  occasionally  in  No- 
vember and  March,  and  once  each  in  October  and  April. 

The  normal  growiwg  season  varies  from  nearly  200  days  in  the  southeastern 
counties  to  160  days  in  the  northwest.  Killing  frosts  have  been  recorded  in  the 
southeast  as  late  as  May  9  and  in  the  northwest  as  late  as  May  27.  Temperatures 
of  32°  F.  or  lower  have  occurred  in  the  fall  as  early  as  the  middle  of  September  in 
western  Kansas  and  in  the  latter  part  of  that  month  in  the  southeast.     Farming 
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operations  generally  begin  in  south-central  counties  first,  then  gradually  get 
started  in  the  eastern  and  north-central  counties,  and  finally  begin  in  the  ex- 
treme northwest  about  3  weeks  later. 

The  counties  in  the  southeast  normally  receive  a  little  over  40  inches  of  pre- 
cipitation and  there  is  a  gradual  decrease  in  amount  across  the  State  to  the 
middle  counties  of  the  western  third,  where  the  average  is  only  1 5  inches  a  vear. 
The  average  precipitation  for  the  eastern  third  is  34.76,  the  middle,  26.05,  and 
the  western  third,   18.81'  inches. 

After  January,  the  month  of  least  precipitation,  there  is  a  gradual  increase 
until  June,  the  wettest  month.  In  the  eastern  half  of  the  State  there  is  usually  a 
noticeable  decline  in  precipitation  in  the  latter  part  of  July,  with  an  increase 
again  in  early  August. 

In  winter  most  of  the  precipitation  is  rather  light,  but  in  summer  24-hour  falls 
of  5  to  10  inches  have  been  recorded  in  all  sections.  Although  there  are  many 
more  light  than  heavy  rains,  the  greatest  amount  of  rain  comes  in  amounts  of  half 
an  inch  or  more.  About  70  percent  of  the  total  precipitation  falls  in  the  warm 
season  and  thus  supplies  the  demands  of  growing  crops.  Two  inches  or  more  of 
rainfall  in  24  hours  have  been  recorded  much  more  frequently  in  eastern  Kansas 
than  in  the  western  part. 

The  average  annual  number  of  days  with  0.01  inch  or  more  of  precipitation  is 
68.   The  average  number  of  clear  days  is  186,  partly  cloudy  100,  and  cloudy  79. 

The  average  annual  snowfall  ranges  from  approximately  12  inches  in  the  south- 
eastern counties  to  25  inches  in  the  northwestern  part  of  the  State.  January  and 
February  are  the  months  of  heaviest  snow  in  eastern  Kansas  and  February  and 
March  in  the  western  half.  While  a  snow  cover  does  not  usually  remain  very 
long,  there  have  been  winters  when  the  ground  was  blanketed  for  several  weeks 
consecutively. 

Droughts  have  occurred  at  all  times  of  the  year,  but  those  of  July  and  August 
are  the  most  damaging.  The  long  days  with  intense  sunshine  and  hot  winds  that 
usually  attend  such  prolonged  dry  periods  cause  serious  damage  to  growing  crops, 
especially  corn.  Beginning  with  1930  there  has  been  a  series  of  years  unparalleled 
for  heat  and  dryness.  The  accumulated  deficiency  in  precipitation  for  the  last  9 
years  is  more  than  the  normal  annual  amount.  Floods  are  limited  for  the  most 
part  to  the  spring  and  early  summer  months. 

The  prevailing  wind  movement  is  from  the  south  except  in  the  winter,  when 
northerly  winds  are  more  frequent.  Wind  movement  is  higher  in  the  western 
part  of  the  State  than  in  the  east  and  is  of  greater  velocity  in  the  afternoon  than 
at  other  times  of  the  day. 

Tornadoes  have  occurred  in  all  months  of  the  year  except  January  and  Decem- 
ber. Normally  May  and  June  each  have  a  much  greater  number  than  any  other 
month,  while  about  twice  as  many  occur  in  eastern  as  in  western  counties. 

Andrew  D.  Robb,  Junior  Meteorologist  and 
Temporary  Climatic  Section  Director  for 
Kansas,  Weather  Bureau,  Topeka. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  KENTUCKY 

The  State  of  Kentucky,  with  an  area  of  slightly  over  40,000  square  miles,  lies 
within  36°30'  to  39°  15'  'north  latitude  and  82°  to  89°30'  west  longitude.  Its 
surface  rises  unevenly  eastward,  as  a  diversified  tableland,  from  bluffs  near  the 
-ippi  and  lower  Ohio  Rivers  to  the  mountains  that  form  the  eastern  and 
southeastern  part  of  the  State.  With  the  exception  of  a  few  southeastern  coun- 
ties, the  general  slope  of  this  tableland  is  toward  the  northwest,  with  elevations 
ranging  from  about  400  feet  above  sea  level  at  the  western  edge  to  1,000  feet  in 
the  central  district.-  and  2,800  feet  at  the  summit  of  Pine  Mountain  ridge  near 
the  southeastern   border. 

The  mountains  are  long,  sharp-crest*  <1  ranges,  extending  in  a  northeast-south- 
west direction,  separated  by  narrow  valley-.  Some  ranges  are  almost  unbroken 
while  others  are  deeply  cut  by  streams.  A  belt  of  peculiar  country  called  the 
Knobs,  made  up  largely  of  conical  sandstone  hills,  parallels  the  mountains  nearly* 
to  the  southern  border  of  the  State  anil  thence  turns  northwestward  to  the  Ohio 
River,  forming  a  semicircle  that  encloses  the  famous  blnegrasf  area.     The  latter 
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is  a  gentlv  undulating  plateau,  noted  for  its  beauty,  fertility,  excellent  grass, 
stock  farms,  and  white  burley  tobacco.  South  of  the  Knobs  lies  the  deeply  dis- 
sected and  very  irregular  area  of  the  upper  Cumberland  drainage  system,  which 
slopes  toward  the  southwest. 

Named  in  order  from  west  to  east,  the  principal  rivers  are  the  Tennessee,  Cum- 
berland, Green,  Salt,  Kentucky,  Licking,  and  Big  Sandy.  The  Green  River  has 
cut  a  deep  valley  across  a  thick  limestone  formation  in  which  are  many  caverns, 
including  the  famous  Mammoth  Cave.  A  considerable  area  overlying  this  for- 
mation, immediately  west  of  the  Knobs,  has  no  surface  streams  but  drains  through 
the  cavernous  rock.  Lying  between  the  Green  and  Cumberland  Rivers  is  a 
moderately  high  plateau,  cut  comparatively  little  by  streams,  which  contains 
rich  farming  lands  largely  devoted  to  the  culture  of  the  dark  type  of  tobacco. 
The  areas  drained  by  the  Green,  Salt,  and  Licking  Rivers  are  broken  and  hilly. 
The  Kentucky  and  Licking  cross  the  bluegrass  area,  the  former  in  a  gorgelike 
valley  and  the  latter  through  a  very  hilly  and  irregular  district.  The  narrow 
valleys  of  the  Kentucky,  Licking,  Big  Sandy,  and  upper  Cumberland  Rivers, 
seldom  more  than  a  mile  or  two  in  width  and  often  less  than  a  mile,  have  depths 
of  100  to  600  feet.  Extraordinary  differences  of  geological  formations  within 
the  State  give  distinctive  characters  to  the  soils. 

Although  continental  in  character,  with  rather  wide  extremes  of  temperature 
and  precipitation,  the  climate  of  Kentucky  is  generally  temperate,  healthful,  and 
well  adapted  to  a  varied  plant  and  animal  life.  The  State  lies  within  the  path 
of  the  moisture-bearing  low-pressure  formations  that  move  from  the  western  Gulf 
region  northeastward  over  the  Mississippi  and  Ohio  Valleys  to  the  Great  Lakes 
and  the  northern  Atlantic  coast.  The  greater  part  of  the  precipitation  is  obtained 
through  the  agency  of  these  pressure  formations,  which  vary  greatly  in  frequency, 
character,  and  force.  There  is  consequently  considerable  variation  in  the  amount 
of  moisture  received  as  well  as  in  the  other  climatic  elements  in  individual  months, 
seasons,  and  years.  The  average  annual  precipitation  in  the  mountain  dis- 
tricts is  3  to  6  inches  more  than  over  the  bluegrass  area  to  the  west.  Compara- 
tively little  influence  on  temperature  can  be  traced  to  the  topography,  but  be- 
cause of  its  geographic  location  with  reference  to  the  center  of  the  continent,  the 
midwinter  cold  waves  from  the  Canadian  Northwest  usually  reach  Kentucky 
with  their  intensity  considerably  modified. 

The  mean  annual  temperature  ranges  from  54°  F.  in  the  extreme  north  to  59° 
along  the  southwestern  border.  The  summer  maxima  usually  reach  or  slightly 
exceed  100°.  but  rarely  on  more  than  a  few  days.  Minimum  temperatures 
below  zero  occur  with  moderate  frequency  in  December,  January,  and  February, 
but  severely  cold  weather  seldom  predominates  longer  than  60  days,  and  long, 
cold  periods  are  always  broken  by  intervals  of  moderate  temperature. 

The  average  date  of  the  last  killing  frost  in  spring  ranges  from  April  9  in  the 
extreme  southwest  to  April  23  in  the  mountain  region,  and  that  of  the  first  in  fall 
from  October  15  on  the  Cumberland  Plateau  to  October  24  near  the  lower  Ohio 
River.  The  average  length  of  the  growing  season  varies  from  176  days  on  the 
southeastern  plateau  to  197  in  the  extreme  southwestern  part  of  the  State.  The 
growing  season  has  been  as  short  as  149  days  and  as  long  as  232. 

The  average  annual  precipitation  ranges  from  40  to  46  inches  in  the  northern 
half  of  the  State  and  from  46  to  50  in  the  southern  half,  approximately  half  of  it 
occurring  in  the  warm  season,  April  to  September. 

Twenty-four-hour  precipitation  in  heavy  rains  is  frequently  3  or  4,  occasionally 
6,  inches,  and  as  much  as  10  inches  in  some  extremely  heavy  falls. 

During  the  growing  season  there  is  usually  sufficient  rain  for  staple  crops,  and 
occasionally  there  is  too  much,  especially  in  the  spring  months,  delaying  planting 
and  cultivation.  Droughty  conditions  sometimes  prevail,  but  even  in  such 
periods  local  rains  prevent  complete  crop  failures. 

Snowfall  varies  considerably  from  year  to  year,  the  average  annual  amount 
ranging  from  10  inches  in  the  extreme  southwest  to  20  inches  in  northeastern  dis- 
tricts.    The  ground  seldom  remains  covered  with  snow  for  more  than  a  few  days. 

Southerly  to  westerly  winds  prevail  over  the  State  in  most  months.  During 
the  colder  months  north  or  northwest  winds  predominate  at  times.  The  average 
velocity  of  the  wind  ranges  from  6  to  13  miles  an  hour,  maximum  velocities  from 
40  to  60  miles.  Storm  winds,  generally  squalls  attending  thunderstorms,  occasion- 
ally exceed  60  miles  an  hour.  A  number  of  vears  mav  pass  without  a  tornado, 
or  several  may  visit  the  State  in  a  single  year.     The  average  is  about  1  a  vear. 
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Thunderstorms  may  occur  in  any  month  but  are  most  frequent  from  March  to 
September,  inclusive.  They  are  occasionally  attended  by  damaging  hail,  but 
the  area  thus  affected  is  nearly  always  small. 

The  percentage  of  possible  sunshine  averages  35  to  45  for  the  winter  months, 
50  to  60  for  March  and  April,  and  60  to  70  from  May  to  October,  inclusive. 

James  L.  Kendall,  Meteorologist  and 
Climatic  Section  Director  for  Kentucky, 
Weather  Bureau,  Louisville. 
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LOUISIANA 

AVERAGE    ANNUAL 
PRECIPITATION    (INCHES) 


SUPPLEMENTARY   CLIMATIC  NOTES  FOR  LOUISIANA 

Louisiana  extends,  roughly,  between  latitudes  29.5°  and  33°  and  from  the 
ninety-fourth  meridian  eastward  to  the  Mississippi  River,  and,  in  the  south,  to 
the  Pearl  River.  Elevations  increase  gradually  from  the  coast  northward,  rising 
to  over  100  feet  above  sea  level  on  uplands  and  400  to  500  feet  on  some  of  the 
hills  in  the  northwest. 

In  the  northeast  the  Ouachita  River  and  the  various  streams  of  the  Tensas 
Basin  join  the  Red  River,  which  flows  from  the  northwest.  These  streams  find 
an  outlet  to  the  Gulf  of  Mexico  through  the  Atchafalaya  River,  which  is  connected 
with  t"  M  sc  ssippi  by  a  short  channel  known  as  Old  River,  in  which  the  direction 
-  .suaUy  towards  the  Atchafalaya  but  depends  upon  the  relative  height 
in  the  Mississippi  and  at  the  head  of  the  Atchafalaya. 

At  times  of  high  water  in  the  Mississippi  the  lowlands  of  the  lower  Tensas  Basin 
become  a  largt  backwater  storage  basin.  The  Atchafalaya  Basin  embraces  the 
area  from  the  lower  west  levees  of  the  Mississippi  westward  to  Bayou  Teche, 
which  skirts  the  southwestern  prairies  in  part  of  its  course.  Farther  west  the 
Calcasieu  River  drains  a  considerable  part  of  southwestern  Louisiana.  Lowlands 
bordering  the  Red,  upper  Atchafalaya,  and  Mississippi  Rivers  are  mostly  pro- 
tected by  an  extensive  levee  system,  the  levees  of  the  Red  being  less  complete 
than  those  of  the  Mississippi. 

_  r  marshlands  are  mainly  in  the  coastal  area,  extending  farther  inland 

in  the  southeast  than  in  the  southwest.      Higher,  tilled  land  lies  along  bayous  or 

streams  passing  through  the  marshlands.      Drainage  work  has  reclaimed 

some  swamp  areas.     In  the  south  large  water  surfaces  are  formed  by  the  irregular 

line  and  by  lakes. 

The  principal  influences  that  determine  the  climate  of  Louisiana  are  its  sub- 
tropical latitude  and  its  proximity  to  the  Gulf  of  Mexico.  The  marine  tropical 
influence  is  evident  from  the  fact  that  the  averane  water  temperatures  of  the  Gulf 
along  its  northern  shore  range  from  64°  F.  in  February  to  84°  in  August.  Eleva- 
tion is  a  minor  factor. 

In  summer  the  prevailing  southerly  winds  provide  a  moist,  tropical  climate 

when  the  atmospheric  pressure  decreases  westward  from  the  Atlantic  Ocean,  a 

condition  favorable  for  afternoon  thundershowers  when  the  ocean  high-pressure 

-  not  too  far  west.      When  the  pressure  distribution  is  altered  so  as  to  bring 

rly  to  northerly  winds,  periods  of  hotter  and  drier  weather  interrupt  the 
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prevailing  moist  condition.  In  the  colder  season  the  State  is  alternately  subjected 
to  tropical  air  and  cold  continental  air,  in  periods  of  varying  length.  Though 
warmed  by  its  southward  journey,  the  cold  air  occasionally  brings  large  and  rather 
sudden  drops  in  temperature,  though  more  gradual  in  onset  here  than  farther  west. 

From  December  to  May  the  water  of  the  Mississippi  River  averages  colder  than 
the  air  temperature  in  this  latitude,  favoring  river  fogs  during  this  season,  particu- 
larly when  southerly  winds  prevail  with  slight  barometric  gradients.  However, 
the  river  water  is  not  too  cold  to  ameliorate  conditions  near  its  banks  during  un- 
usual cold  spells,  as  the  average  water  temperature  at  New  Orleans  is  47.5°  F.  in 
January  and  47.1°  in  February.  In  the  more  southern  sections  lakes  also  serve 
to  modify  the  extremes  of  temperature  and  to  increase  fogginess  over  limited 
contiguous  areas. 

Although  Louisiana  is  south  of  the  average  track  of  storms  of  large  cyclonic 
character,  it  is  occasionally  visited  by  winter  storms  requiring  warnings,  while  its 
position  on  the  Gulf  coast  brings  it  within  the  path  of  an  occasional  tropical  storm. 

The  average  annual  temperatures  range  from  64.1°  F.  at  Farmer ville  in  the 
extreme  north  to  70.8°  at  Burrwood  at  the  mouth  of  the  Mississippi  River.  The 
highest  monthly  average  is  83c  at  Burrwood  in  August,  and  the  lowest  is  46.3° 
at  Plain  Dealing,  in  the  extreme  northwest,  in  January.  The  highest  monthly 
State  averages  in  the  warmest  summer  months  have  not  exceeded  84.3°. 

There  is  a  narrow  strip  along  the  coast  where  the  temperature  on  the  hottest 
days  rarely  reaches  100°  F.  However,  108°  has  been  recorded  in  the  central 
part  of  the  State,  110°  in  the  extreme  northeast,  and  114°  in  the  extreme  northwest. 

In  a  44-year  record,  temperatures  of  32°  F.  or  lower  have  occurred  every  winter 
in  the  sugar  and  trucking  region  of  southern  Louisiana,  with  23°  or  lower  in  about 
half  the  winters.  In  the  northern  parishes  of  the  State.  29°  or  lower  (26°  or 
lower  at  some  stations)  has  occurred  every  winter,  with  17°  or  lower  in  more 
than  half  the  winters  in  most  northern  localities. 

The  average  dates  of  the  last  killing  frost  in  spring  range  from  February  1  at 
the  mouth  of  the  Mississippi  River  to  March  28  on  the  northern  border.  The 
risk  of  killing  frost,  even  in  the  northern  part,  is  exceedingly  slight  after  March  31, 
and  after  March  20  in  the  south. 

The  average  dates  of  the  first  killing  frost  in  fall  range  from  near  November  1 
in  the  extreme  north  to  December  14  in  the  extreme  southeast.  The  earliest 
dates  of  the  first  killing  frost  have  been  about  mid-October  in  the  north  and  central 
parts  and  about  December  1  in  the  extreme  southeast.  In  the  sugar  and  truck- 
ing area  temperatures  of  32°  F.  or  lower  seldom  occur  before   November  11. 

The  average  growing  season  ranges  from  220  days  in  the  extreme  north  to  320 
days  in  the  extreme  southeast.  Hardy  vegetables  that  can  withstand  tempera- 
tures down  to  nearly  20°  F.  live  through  a  normal  winter  in  the  southern  third 
of  the  State.  There  are  occasional  winters  in  the  extreme  southeast  without  any 
freezing  temperatures  or  killing  frost. 

The  average  annual  precipitation  ranges  from  slightly  below  46  inches  in  the 
extreme  northwest  to  over  60  just  north  of  Lake  Pontchartrain.  Droughts  occur 
at  times  in  the  growing  season,  but  long  periods  without  rain  are  seldom 
experienced,  especially  in  the  southeast. 

A  monthly  rainfall  of  over  20  inches  at  a  station  is  quite  rare,  and  24-hour  falls 
of  more  than  10  inches  are  exceptional,  but  not  unknown.  In  the  southeast, 
thunderstorms  have  in  a  few  instances  brought  rainfalls  exceeding  14  inches  in 
24  hours. 

Snow  is  infrequent  and  of  slight  depth,  as  a  rule.  Glaze  and  sleet  are  rarer 
than  snow. 

The  average  sunshine  as  recorded  at  New  Orleans  varies  from  45  percent  of  the 
possible  amount  in  December  to  67  in  October,  with  58  to  62  percent  in  the 
summer  months.  May.  June,  and  July  have  more  actual  sunshine  because  of 
the  longer  days. 

Local  storms,  including  hailstorms,  tornadoes  and  other  windstorms  of  >mall 
area,  have  occurred  in  all  seasons  but  show  somewhat  more  frequency  in  spring. 
Compared  with  their  occurrence  in  the  Plains  States  they  are  relatively  infrequent. 
Aside  from  tornadoes,  the  highest  wind  velocities  in  the  coastal  area  have  occurred 
in  connection  with  tropical  hurricanes.  As  these  storm-  diminish  in  j 
inland,  the  highest  winds  in  the  northern  part  of  the  State  occur  with  well-defined 
wind  shifts,  or  squall  lines. 

Ray   A.   Dyke.  Senior   Meteorologist  and 
Climatic  Secti"  inna. 


904     •      Yearbook  of  Agriculture,  1941 


< 

Q     s 

<  -8 

0  1 

3  1 

M 

-< 

s 


i  —  —  tj<  CO  »C  I 


I^nuuv 


iNmrl<NNOMNN< 


1 1^-  !>• ; 

I  OS  CO  ( 


'  CO  ■*  •t  w  *  ■*  t  <*  ■*  • 


MrtTfUOlOTfO^  ©•' 


jeqraaoea 


N1J<*OCN3NONOMWNhNhi 


t^  t~-  —  CO  ' 


|IQCM< 
i  CN  CN  CN  CN  CO  CSOVJ  WMNNNMMNNMWMWI 


i  OS  OS  CO  CO  <N  -"Cf  — 
W  CN  CO  CO*  CO  CO*  CO 


CO  CO  CO 


CO  CO  CN  CO 


jdqraeAO^j 


NNOW3CSNSr5»l 
CN  CN  CN  CN  CN  CO  CO  CN  CN  CN  CN  ' 


)  —  CO 
N  55 

CN  CN 


CNCSiOCOTj-lOOiCO  —  OiOC 
l>«OONCOONWCCtO 

CNCNCOCNCNoicNCNCNCNfN 


N  LO  o  o 
CN  CN  CN  CN 


aaqo)oo 


i>nx»o-( 


■  io  t^  t--  t^  oe  io  i 


JO  CN  SB  rH  CO  «  OS 

IcNCO^CNe^COCNCNCNCO'eOCOCO'cNCNCNCNCO'cNCOC^COC^ 


OS  CO  00  CO 
CO  — TfCN 

cococnco 


jaqmajdas 


N  CO  ■*  CN  3  »  Tf  N  ifl  3  O  CO  -  X  O  lO  G 
"  — )  t^.  C3  00  CO  ■--  C5  —  t- 


rHlOHlflfflWI 


■N001-'ON>C001I 


t^.- oor~r-oo»ocN 

iCNcdCNCNCOCOCOCO^COCOCOCOCOCOCOCOCOCOTt'CO 


CO  00  -v  00 
CO  e4  coco 


jsrukiy 


CN—  COCO. 


MCJX^^aiO-LONNOlNNWCMCOMTfa' 


lCOCO»OTt<^*<CO»0»0'>»<rf-^,T*,'OTj<lOTtiM,'3,>OCO'Ci»OT*<-<*iTt<Tf,CO- 


xrnr 


NOCON 

;  —  oo  t-  co 
ieo  cocNco 


Or-iTfOfl'-MCIC'fOffllOl 
CO  CN  —  MOOIMNCCOH  rr<  -*j<  < 

Tj<lO-«>'C>OCO'^COCO^t<lCTj"^)<! 


)  CO  CO 

icoco 


Oi  CO  <3i  —  lOcO-^l^-^fCNOOOiTt* 

OiOhiOhOiOOiOOOON*1 


S3£ 


»O^<»O-^-^M"*'Tj<T><Tf<C0rt<T-- 


eunf 


rtioococccocO(NT»<a^i-ocO' 

,0»"3  0NO'0  0«CSNOM 


OUJNONfiool'OOcONNiOlO 
^CMr-OCCOOCiONCO^'i.OwlOrt 


•COT}HTjtlOCO-«t>-<J<CO' 


>  CO  ^J*  CO  ■**'  ^*  ^ct« ' 


j£ej\[ 


lONNlOWCCSMCOOOl"  CO 


•COCOTrcOOOCi-^COOOCO 

ico'co^cocdcNcococococococo'coco^'co'cocNco 


r-/-± 


00  CN  t^  iO  —  OS 

Tj<  00  CO  CO  00  CO 


S  =  : 


COCO-*r'COCOCOCOCO'3<CO- 


nady 


;  —  00  CO 
»  CO  CO  CO  CO 


30  co  co  co  cc  co  « -~  co  —  > _;  ^  o  co  -5;  lo  co  co  co  i 

eo^^co^co^cocococococococococococococococ^ 


CO  CO  CO  CO 


NCOtONNNTfCOOl'VOiK—  LO 
^COCOCOC'VOOMr-OONNacONiOOO)CCNCCO)0>T?T!l 


qoJBH    I 


CO  Oi  CO  O  CO  ' 


'  CO  CO  CO  CO 


00  1O  «3  do 

CO  CO  CO  CO 


IrH^IOCDi 


toiocoSo' 


i001NiO(N"ONOiO 
TfiOr-co-OTfNLO 


CO  CO  CO  CO  CO  CO  CO  CO  CO  "^  CO  CO  CO  ^f  ^  Tt*  ' 


^jtmaqej 


00  CN  CO  —    ■-  CO 
.C  CN  CO  00  CN 

^  CN  IN  — .'  CN 


iCOOt-! 


oorracooioooa' 


CO  IO  1 

CN  CN  ON  ' 
COCOCNCNCNCO^CNC<iCNCNC<icNCNCO'C^cdco'c>icOCOC^C^CN 


CO  CO  O  CO  < 


A^BTlUBf     I 

I 


O  >0  CO  tj<  CO  < 
CO  CO  CO  00  «o  I 


CO  00  —  CN  CN  t-  CO  ■ 


■  O  CN  CO  ( 
iCNCOCNtNCOCNCOCOCO^CO^COCOCOCOCOMCNMCOCO 


paooea 
jo    q}Suaq    j 


1  O  O  O  O  "3  CO  ■ 


1  ,_  ,__  ^H  —  CN^CN'*"' 


NooooOrtTiffflnNO 


—    —    —   -tf<   ^  ■»}<   —   ! 


5»l—  CO  1 

SUIA\0J£)     [  Q^^ 


ioncc 

)O0CO 


Tt<  00  CN  OS  ' 


pjooej 
jo    qiSuaq 


2g( 


COTP»0«OOOCOOCOOOGO"OOCNOit^OC005000COCOCNTf<OTfiCO 
©t^OOt^OOt^Oi- OOOOI^OOOSt^OOOCit^OOOO- COCOCNCOO500 


M»CN|lOCONMOCOOiN«:(NrtNNC»lOOrHO)NCNSrt 
CN  —  CN  —  <M        CNCN  —  —  CN  —  CN  CO  CN  —  —  CN  CN        CN  CN        (M  CN 


o  o"o  uoo  o  o  00  uo  00  0000  00  §"o  S'S'OOO 
ZOOOOOO^COOOOOOOOOOOcoOiCffiOOO 


—  CN  CN  CN  —  CN  . 


iCNOl^  —  OCBlOcOi- 


ammmijAl 


I  I  I  I 


a  oo' 

77' 


umunxBj^ 


.OlTfiONCOON 

Ec,ooooooo 


-J8AB     £]T\£ 


.  C35  00  —  CO  "O  t^  C35 


8SBJ9AB 


rt>  co  co  co  co  co  co 


paooaj 
jo    qiSueq    | 


^e^oooo 


T)«OOCOiOON«CSlOCONCOCO'-'*'*COO>CDOMMN 
—  —  —     1    —  —  C^>  —  —  —  —         C^»  <M  —  —  CO  —  CN  Tf  CN  —  — 


I  I  I  I  I  I  I  I  I  I  I  I 


I  I  I  I  I  I 


;CO'«'CCCOOTfiOCCOCC^O>uOTfOCNO-COl.O»0 

>ooooooooooooooa305OO05OO 


'COOfCNOO  —  CNC 


l^>OC3iC»00  —  COa>OCNC33t^CN  —  OCO  —  t^C3J(35Tj<OCO 

CNCOiOCOCOlO  —  CNTj<»ricOCCCNCO-<S<  —  CD  O  N  00  O)  CO  rt 
COCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCNCOCSIIMC^COCO 


OOCNOCOCO 


NWceOtDONOl 
■'  CO  Tf  —  CO  ( 


—  m*  r^  cn  cc 


®    'J 


ce  a 


Jl,.iC    w  J    nt,05  3H^O^ 


!  —  5    •  «    ... 


§1 


S    d 

ce       o 


Climate  of  Maryland  and  Delaware    •     905 


r~>ocD 

©  >-i  cn  —  co'  cn  «o  co' 


(OMNNNMO* 


o  *  co  co  os  55 

CO  t^  CO  ■<*'  Os'  Os 


■*  OCO  ■«*•  CO 


8  O  CO 


rHOOMCMI 


■  co  r  -  CO  Os  oo  ir:  ■ 


S  CO  co'  CN 


IMMKNMWMK 


OS  CN  IN  QC 
CO  CO  —  CO 
CC  CN  CO  CO 


CN  cm  cn  co  co  co 


CO  CO  CO  CO  CO  CO  CO 


cncoo 

t^-<r  CO 
CNCN  CN 


M»iflOO«WO 
lOCOt^CO-  ©COOS 

cncncn'cncncncncncncncncn 


i  co  >o  •»»<  oo 


t-  t-  t-  CC  00  T.  O  f 


CO  CN  COT 

cn  cn  cn  cn 


(OOCNOO 
CNCN  CN  — I 


'ocoao! 


00  T  CO  00 
CNCNCNCN 


Q0OV 

t  oo  t^ 
cncn'cn 


OJ3C5I 
CO  rf  CM  I 

eoeoedi 


•  t  co  co 
iT  t^os 

i  cncncn 


r-osos  — 

CNCNCNCO' 


tt->ciflc:-»XK 


OS  CT-  CO  os 

cn'cn  oi  cn 


nxccp: 
co  cn  cn  cn 


t-  t~-  O  O  i 

cn  cn  co  co  < 


00  OS  CO 


.  t-  r-  —  CO  CO  co  CN 


©  CNOOCNCO' 
CO  —  lO  u0  >0  I 


i  os  "o  oo  co  co  cr.  —  • 


i  iO  OS  Tf  T  CO 


COCOCOCOCOTfCOCOCOCOl 


1  C  co 
Ico'cN 


CN  CO  CN  CO  CO  CN 


1  CO  CO  CO  CO  < 


-tcOCmcootcm©-  —  co  CN  os  n  t^  tr  to  t»  >c:  ir. 

0CCT-  —  CN-<}.«OCNt^ceaOOSCOCOCO  OS  COCOt-CCO 

tt  rr  io  -q-'  •*  ■*  -»r  -«r  tt  ■*"  t>>  >o  tj<'  »fi  ^  >r:  t  co  t'  •>*• 


)  CCN  CO 
i  IO  tQ  vi 


y  o.  to  *5  so  ro  iO  to 


— .  >-o  t  c~-  oo  ■ 


S2SSSS 


co  t^  r^  cn  i 


CO  ■"»■  T  T  CO  CO  ' 


ttt'Cttcottco 


— '  ■*  CO  OO  Tf  ■ 

tt  ci  cr.  —  t-  . 

co  co  cn  t  co'  ■ 


■^-  IT}  Tf  IC  ■«»■  Tt> 


«C  30i 

co'  CO  ' 


i  OS  —  OS  CO 

i  co  t'  co'  co 


00  CN  •«  ©  < 
CO  T  CO'  T  • 


;88S    8J 


1  CO  CO  CO  CO  CO 


CO  CO  CO  Tf  CO  ■*  CO 


to  >a  r~  ■ 

IN  CO  (N  • 

co'  CO  CO  ( 


>a0O500TO0©t~CN 


CO  t-  <N  CO  cr.  CN  < 

os  «c  co  cn  co  r~  ■ 


CO  CO  CO  CO  CO  CO  CO  ! 


CO'  CO  CO  CO  CN  CN 


t—  CO  —  T  ' 
CO  — «OCN  ' 

CO  co'  CO  CO  ( 


00  CO  «0  CO  CN  t~ 
t^  t~-  CO  ■*•  o  »c 

CO  CO  M  CO  CO  CO 


<-•  or.  < 
cs  sn  ! 

DQ  CO  : 


TfQCNiC 

:  <a  ©  t-  o 

'  CO  -*•  co  t' 


CO  CO  CO  CO  CO  CN  ( 


CO  CO  CO  CO  CO  CO 


CN  CO  »C  CN  ■ 
CO  CNcOm  < 

CO  CO  co'  CO  ( 


tN  os  oo  —  co  t  t  -w  o:  >o  co  ? 


-  N 
DO  c 


■<r  co 

CO  CO  CO 


COCOCOCOTCOTCOCOCOl 


CO  CN  CO  CO  ( 


00  CN  CO  »C 
CO  CO  co'  CO 


OC  CO  CO 
COCN  — 


■OCNCN^? 
CO  CO  CO  CO  CO  CO  CN  CN  CN  CN  CN  CN  CN  CN  CO  CO  CO  CO  CO 


,  —  os  os  cr.  oo  oo  < 
i  N  CO  CO  TT  cr.  OC  < 


CO  CN  CN  CN         CN  CN  — <  CO  CO  CO 


'  CNO  00 
'  CN  T  rr 

!  CO  CO  CO 


OS  CO  rr  "0  CN  • 


COT  00 
co  ro  co 


ifitOO-"! 


.  1.0  —  CO 

:  co  co  t^ 

:  CO  CO  CO 


—  OS  OS  T 
fNV  00 

co'  CO  co'  CO 


©CO  CN  OC  ' 
T  TT  t~  "*  < 

co  co  CO  CO  : 


SCO©  OC 

i  co  -4*  co 


COOSOOOCOtTOOCOi 


I  CO  00  CO  CO  <n  cr. 
Tfctrr-CN- 


u;  Tf  c  k  i--.  « 


-l-CCCCi 


iC  CN  O  >C  00  t-  CN  OS  CN  —  uO  OS  «C  «0         CO  CO  —  *  T.  C 

■  os  r-  r-  oo  r~  cr.  os  oo  —  oo  os  ic  t^  d-   >o  co  »c  oc  oo  os 


CN         CN  CN- 


C  t~  OS  CO  CN  t^  OS  CO  OS  CO  T 
CN  —  CN  CN  CN  —  CI         —  — 


—         CN  CN  ( 


oX3  o  o  c,  c  c 
O    IOOOOC 


to  O.  t~  CO  t-  CO  t-  "  , 

CM  —.—  —  —  — CN  CN      '  .—  ( 


.aao.i 
<<<■ 


>»>>>.  u.'  tl  tl 


?2!252gi2c1   :£! 


M  V  l-  K  ^  ir. 
CN  CO  —  CO  CN  — 


i! 


oo  os  —  co  cn  t-  —  t  co  co  ; 


I  OS  OS  CN  OS  uO  CO  >o  t^  CO  T 


I  I 


—  CO  —  OS  Tf  — 
N  CN  CN     I      I      I 

III1'1 


—  —  CN  irj  —  CN  t~ 

TTTT7TT 


-T  —  CO  O  "0  T  CO  CO  T  OO  CO  r~  CO  O  —   u-  OJ  CO  uo  -r  *r  CO  to   CO ■  os  t ~  CO  —  CO 

ioSooocoococcocccoocccc      occccc 


f -rnt-ictc.c 
ccoccc- 


C5^ 


^3 

5  <fl 


-  "3 

C    (U 

3  tw 

?~ 

SI 

3JVS 


rr  tl--  CNCNt^CNiCOOOSOO 

«ocbcdcdr^>o'>d'«i;«d«d>did 


■O'OCNCOCO'rCN  —  CNCO 
'  CO  t^  I    ' 


t-  os  —  oo  r-  — 

1"  C  rr  CO  t-  iri 

t~-.  r~  t~  t-  t~  t^ 


CO  CO  ■»}>  CO  CO  CO  co' 

r^  c^  r^  t^.  r^  r-  t^ 


l  CN  00  CO  CO  CN  O  < 

I  CO  -*  • 


-U-.ONC  00t-  CO  CN  CN  CO 

ieoeoeOeOcocoeocOeOeOcoeoeoeococococoeocoeo 


V  00  00  CO  CO  t-  CO 

■6  co'  <co  co"  t-  co  co 

»  CO  CO  CO  CO  CO  CO 


o  oo  r~  t-  to  o-i  o.  o  co  co  oc  co  oo  o  cn  • 

T  —  —  CO  —  CN  —  T  —  ■»»■  —  t«'- 


OS  U-.  iC  CO  t  -  I 


CN  CO  CO  C  "T  CO  CO 


4>  £  ( 


03  gs      — •  — 
B»5 


<    £■ 


■Sa 


ss 


o  ov  ©c "C 2 S 


a 

u 
a  * 

cv  a. 

1^/ 


906     •     Yearbook  of  Agriculture,  1941 


*   I 


s>   I 


!>GGCOfa 


'  £    !  S  « 


i!0  0)M>00«N^NN 
it)<N©iHP30>0'*OS"0 


8SS 


HNM^>0!ONW 


Kiocooot^t^-^t-^oooTfeoo 


'"lllOtONXaO'HCJMMOOCN 
rtrtHH-<-lNOrMC|N01N?l 


O00O^ffl'*OOHOM'0!0O 


>  a  io  3i  c  to  m  ( 


!SoOOOOOOo2h22 

ifflmaoiOiraojoosiOJO© 


X)  JO  OO  Uj  : 

ao  oooo  oo  i 


'■rJ^JcOTfOcot^ooOi 

lOOOCOOOOOOOOOOOOOO 


Climate  of  Maryland  and  Delaware     •     907 


SUIAiOJ£) 


,  io  eo  as  t>.  ■* - 

^HOogecooioooMioaoioooibboooaaioo^i 

'-'(NC^'-JCNiHHHHiHrtHHC^rHrHC^M'-)CSrHr-1Hr-< 


OOOOOOOOOOOOOOOOO  OOO  C  Coo  COOO  COOO  OOOO 

O^OOOOOOOOOO^^OOO^OOZ^OOZOOO^OOWOOO 


CN  —        <M  <M  ( 


8?  §••!  §•  5*  §•  §-^  §■  S-  §•  5  §■  5^  ^  a  c 


3itia\.oj£) 


^22)222  —  2  —  2^Z^2222S2  2«;£2  2  — '  n  »  '^  »  o  oc  t^  -i  a  n  t~  «  a  oo  to 


OOM^NOiTf-MINfflMI-ffllNt-N*-       iCOCOt^  —  •*  — OOCO-iCS-tf'r-.-lOi       ,^010 
(Mrt        (Nrt        rl  —        r-i  —  <N        ^N(N-        «N        CO  —  <N        N«Nm(Nhh      ,WNrt 

0.+J  «s  +i  +a  +i  +i  ^  +a  *J  +» +J  ^-.J^^J^J   2  *»  ■»  >*i^^J^J^JJJJJ  >     •     •     •  C      •      ■     • 

^oooooooooooCoooo'^ooCoooooooCooo'Cooo 

mOOOOOOOOOOO^OOOO  ool^'oooooooZooo    :ooo 


.5  6* 


r-HOOXCOCOTfr-O)  iMOCOJN' 


"CNMffiN^OTfNNiO 


ss&ssss^sss 


^  *  s?** 


£^ 


<-i 


SmMOJo 


™  fl 


UOCNOOCCXN.—  OS  —  ^O  CO  «0  M  00  ■ 


t'MNO'*a(»IN--HMNNrH0>'0>0 


~  00  !M  —  OJt^-t^'— '  CTS  "0  "O  «0  CO 
—  <N-H<M  <N-..-H  ^H^rH 

^j+i^i^j+i+j-w'  >*j+j  >  +i  +i  +i *j  °  .<J  +a  >«+j+J-,.;hJhJ+j  >  +z *» jj  >.».*;*» 

oooooooCooCooocj-OooCoooooooOoociOooo 

oooooooZoo^oooc    ooZooooooo^oooZooo 


(NMMHNN 


aaa 0.5  o- o. aJ2  S. p\3  £.ac.a^*  S,  &  &  pV«  q,S, a.*  &c.ac,o, 


t  U0SB9S 

3niAiOJ£) 


ICOO)!DlNNNrH( 


iawt»o>cet-<0'*!CO'.t'r'tOKOO>-"i;MOx*Mi.    , 

,  (O  t0O00t^!0  00>O'';t>XNXafflCQ00lNO3!i»Mt>;»00N00aaq>N0i0!MO 


MO>ONNt»NN>13M»ffiM!OClt--«Xt»NMCrtfflr"Nrtei-l-HO>Nr<(ew 


NN  (M<N        <N— 1  — I  1 


5  2 


<M  — 1  (N        <Nr-c  -<        CO  <M. 


«    ! 


NOHfflNWOJHNNNOlMONCiOCOMt-iCNaiOlrt 


—.— .  —  <M  —  —  O^  —  <M 


:ss 


MNU5CMM 


(J  <n 


,  U0SB8S 

3uta\0I£) 


TfwXi-^cfflNmr-OTjicoccosmOrHMXco^cxeoiNN 

U3fflNOHOOOfflONt-NONOXN<OONNOJXO>MOXX« 


l(NM        <M  <M  <N  — 


C^t-COC0-»<COOit-<N-H<Nt^ 


(N.-.         —>■ 


-h  <N  C^  -H  r-C  —  —I  (M  r* 


00000O00000000O000000O0000000 

ooooo^ooooooooZooooooZooooooc 


rt«NN<D^»(NO>OrtiO!DC":r4! 


<N        es  CS  <M  <N  (N  <N 


o  r»  1 

CO  —  ! 


<2 >2  a a5  o. S.5  Gafiftaaaaac.c,Rc,G a*  & a a a a 


,  U0SB9S 


^2£3g§8: 


"3 


lOOOCONtONOl'-iWTfiOX-  00  CO  < 


v  -j  w  w  -    - 
co  co  co  co  C  co  < 


c*  o  •"*■  Oi  < 


;o303c8o3<0c3fe.CCcS5_e8C5_a3a3O3a3c8o3«3o3a3a3ao3aCo3       >J 


cs       —1 

itsfff^ 


j.2  a 


x55  5-~T-----~^3)3)3i015><'>0)0>0)OJO,010>0>0>3>0)0>®®0>010>0>a>* 


908 


Yearbook  of  Agriculture,  1941 


3  © 

as  -"3 

a  4s 

z  2 

z  £ 


!    noshes 

gt-  x  x  r--  x 



|  -^  CO 

"3 

q 

J- 

3 

i    a 

»  N  C  -  C 
71  —         71 

.J  .J  *i  >  *z 

a  a  a  a  a 
OOOZO 

SI 

i 

Hi. 

t^  iO  —  -<r  Ci 

^  ^  _  ~,  _ 

—  71 
77  — 

51 

-3 

a 
a 

CO 

s 

a 
h 

a* 

^5 

pE| 

a  a  a  a  a  Jl  S"0 
OOOZO     aifc 

.a  " 

I--.  «C  77 

71  -«  —  —  71 

71  — 

<.;  >> 

UOSB9S      |     IsSoSfeS     SS 

3 
a 

OB 

9 

CD 
JO 

o 

22 

,j  +i  _;  „j  »i  i  _;  >' 

a  a  a  a  a  ,|   o  O 

ocooo||oZ 

.2  to 

1  — 

J  on 

c^Mrx    !  t^  71 

3 

a 

f*4 

UOSIjaS 

£71  la  io  9  « 

w  t^  X  X  —  CO 
«--_71- 

c7  71 
—  71 

7. --7, 

a  a  o  o  a 

OOOZO 

77  17- 

o  o 

CZ 

uoseas 

SOLftOlf) 

£7)  u-  —  r-  cs 
a  l2i  i  ~  '~ 

—  71 

-2 

a 

«a  r--  l-  x  i- 

O  "a  "a  "a  a 
OOOOO • 

xZ 

i=4 

a  m 
—  a 
eg  C 

J  & 

CO  ONi( x  5C 

—  71  —  7 1  7 1 

m  »: »;  *:  u     ■->■ 
a  o,  &  p,  a    «  « 

<«5  «<«!<;  |3S 

■d 

3 

5 

uosisas 

§UTMOJ£) 

§,t-  7.CSIN 
^71  ■<!>  77  77  77 

7,- 

- 

a 

=  C  X  M  S 
77  71  —         71 

do  DmOai 

—  --7 
71  71 

5* 

_  = 

-.r  ~.  —  o  o 

71  71  —  71  71 

71  71 

5;  a 

a 

o 

»r: 

i- 

r- 

- 

X 

| 

£ 

DO 

- 

E 

X 

r 

- 

go 

a 

s 

a 

91 

- 

EH 

rX 

a 

= 

-~ 

^ 

-i 

"efl 

ba 

bi 

— 

T 

— 

='' 

t£ 

0 

-; 

"/. 

Hi 

Climate  of  Mary-land  and  Delaware     •     909 


0     ■        B    SB  X        K 


MARYLANO     AMD     OELAWARE 
AVERAGE    JULY    TCMH3WWE 


910     •     Yearbook  of  Agriculture,  1941 


SEPT  30' 
SEPT.  25 


MARYLAND     AND    DELAWARE 
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MARYLAND     AND    DELAWARE 

AVERAGE    NUMBER   OF  DAYS  WITHOUT  KILLING    FROST 
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MARYLAND   AND    DELAWARE 

AVERAGE    ANNUAL    PRECIPITAT  ION  (  INCHES) 


SUPPLEMENTARY    CLIMATIC  NOTES  FOR   MARYLAND  AND  DELAWARE 

The  Maryland-Delaware  section  contains  within  its  borders  a  varied  assort- 
ment of  land  and  water  areas  of  quite  unusual  nature.  Maryland  has  a  gross  area 
of  12,327  square  miles,  of  which  approximately  9,891  are  land  and  the  remainder 
water,  a  good  deal  of  which  is  tidewater.  Chesapeake  Bay  comprises  1,203  square 
miles,  Chincoteague  Bay,  93,  and  smaller  estuaries  and  rivers,  1,054.  In  the  tide- 
water reaches  there  are  many  marshes  that  afford  a  haven  for  migrating  wild  fowl, 
while  the  rivers,  bays,  and  estuaries  abound  with  fish  and  contain  excellent  oyster 
beds.  Delaware  covers  only  2,370  square  miles,  with  a  smaller  proportion  of  water 
area  and  less  varied  topography  than  Maryland. 

The  section  is  divided  into  three  main  physiographic  provinces,  each  of  which 
has  several  subdivisions.  The  Coastal  Plain  province  includes  more  than  hah*  the 
land,  including  all  of  Delaware,  and  the  greater  part  of  the  water.  It  lies  between 
the  ocean  on  the  east  and  a  line,  known  as  the  fall  line,  running  from  Wilmington, 
Del.,  through  Baltimore  to  Washington,  D.  C,  on  the  west.  It  is  divided  into 
two  parts  by  Chesapeake  Bay.  That  part  of  Maryland  east  of  the  bay  is  known 
as  the  Eastern  Shore  while  the  land  to  the  west  is  the  Western  Shore. 

The  Eastern  Shore,  as  well  as  most  of  Delaware,  consists  of  flat,  low,  and  al- 
most featureless  plains,  while  the  Western  Shore  is  a  rolling  upland,  reaching  four 
times  the  elevation  of  the  former.  There  is  a  wide  variety  of  soil  types,  and  the 
differences  in  topography  affect  local  characteristics  of  climate.  To  the  west  of 
the  Coastal  Plain  province  lies  the  Piedmont  Plateau,  a  hill  country  between  the 
fall  line  already  mentioned  and  the  foot  of  the  Appalachian  Mountains.  Its  ele- 
vation ranges  from  400  feet  or  less  at  the  fall  line  to  around  1,100  feet  at  Parrs 
Ridge.  West  of  the  Piedmont  Plateau  is  the  Appalachian  province,  which  is  sub- 
divided into  the  Blue  Ridge,  the  Great  Valley,  the  Allegheny  Ridges,  and  the 
Allegheny  Plateau.  This  mountain  region  of  Maryland  contains  Backbone  Moun- 
tain with  an  elevation  of  3.340  feet.  The  mountain  ridges  trend  from  northeast 
to  southwest. 

On  the  Eastern  Shore  and  in  southwest  Delaware  the  drainage  is  southwest- 
ward  into  Chesapeake  Bay.  Id  northern  and  eastern  Delaware  it  is  eastward  into 
Delaware  Bay  and  the  Atlantic  Ocean.  From  Chesapeake  Bav  to  Parrs  Ridge  it 
is  southeastward  or  southward  into  Chesapeake  Bav  and  the  Potomac  River. 
West  of  Parrs  Ridge  the  drainage  is  south  or  southwest  to  the  Potomac  River, 
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except  in  the  extreme  west,  where  the  Youghiogheny  River  flows  northward  to- 
ward the  Monongahela.  West  of  the  fall  line  the  streams  are  mostly  turbulent, 
while  to  the  east  they  are  quiet,  with  their  courses  largely  dominated  by  the  tides. 

The  varied  physiographic  features  have  a  marked  effect  on  the  weather  and 
climate  of  the  different  parts  of  these  States.  In  the  Coastal  Plain  province,  in- 
cluding Delaware,  the  winters  tend  to  mildness  and  the  summers  are  characterized 
by  high  humidity  coupled  with  heat,  which  is,  however,  not  excessive.  In  the 
mountain  sections  the  winters  are  more  severe,  though  not  unduly  so,  and  zero 
temperatures  are  not  a  rarity.  Precipitation  is  well  distributed  in  all  seasons  and 
prolonged  droughts  are  unusual.  Sunshine  is  abundant  and  severe  storms  are  in- 
frequent. Chesapeake  Bay  is  free  from  ice  except  in  severe  winters  and  is  therefore 
navigable,  as  a  rule,  throughout  the  year.  There  is  almost  complete  freedom  from 
tornadoes,  and  summer  thunderstorms  are  not  usually  attended  by  gales. 

In  Maryland  the  average  annual  temperature  ranges  from  58°  F.  in  the  extreme 
southern  part,  on  Chesapeake  Bay.  to  47°  in  southwest  Garrett  County,  near  the 
West  Virginia  border.  In  Delaware  it  ranges  from  5t>°  near  the  southern  part  of 
Delaware  Bay  to  53°  in  the  higher  land  of  the  extreme  northwest. 

The  extremes  of  temperature  are  affected  by  local  characteristics  of  soil  and 
topography,  including  adjacent  water  areas  and  mountains,  and  by  latitude. 
The  extremes  of  cold  occur  with  quiet  air,  clear  sky.  and  the  ground  covered  with 
snow,  while  those  of  heat  are  related  to  dry  weather.  In  Maryland  temperatures 
of  100°  F.  or  a  little  higher  occur  in  some  part  of  the  State  every  year,  the  record 
high  being  109°  in  1898.  In  Delaware  such  days  are  not  quite  so  frequent,  but 
the  record  is  110°  in  1930.  Temperatures  below  zero  occur  in  some  parts  of 
Maryland  every  year,  being  rather  common  in  the  mountain  sections  but  unusual 
in  tidewater  districts. 

The  average  date  of  the  last  killing  frost  in  spring  ranges  in  Maryland  from  the 
first  week  in  May,  west  of  Parrs  Ridge,  to  the  last  10  days  of  April,  east  of  the 
Ridge.  The  average  time  of  first  killing  frost  in  fall  varies  from  September  27  at 
Oakland,  in  the  extreme  southwestern  corner  of  the  State,  to  November  7  at 
Solomons,  and  the  same  date  at  Crisfield,  on  the  extreme  southern  tidewater. 
Similarly,  the  growing  season  varies  from  124  days  at  Oakland  to  213  at  Solomons 
and  212  at  Crisfield.  In  Delaware  the  last  killing  frost  in  spring  occurs,  on  an 
average,  between  April  17  and  20  and  the  first  in  fall  from  October  17  to  25.  The 
average  length  of  the  growing  season  is  between  180  and  194  days. 

Precipitation  is  well  distributed  throughout  the  year,  with  a  somewhat  greater 
amount  falling  in  the  warm,  or  growing,  season  than  in  the  cold  season.  While 
different  years  show  much  variation,  especially  locally,  droughts  and  excessively 
wet  periods  are  uncommon.  Excessive  rain  is  most  common  in  the  Coastal 
Plain  province. 

The  proportion  of  snow  to  rain  in  the  cold  season  is,  of  course,  greatest  in  the 
mountains  of  Maryland  and  least  in  Delaware  and  the  southern  parts  of  the 
Eastern  Shore.  At  rare  intervals,  as  in  1939-40,  there  may  be  heavy  falls  of 
snow  in  Delaware  and  the  Eastern  Shore  as  well  as  in  other  parts  of  the  section. 
Snow  is  uncommon  in  the  extreme  southern  tidewater  districts. 

Small  tornadoes  and  waterspouts,  doing  little  damage,  occur  at  rare  intervals 
in  the  section  between  Parrs  Ridge  and  Delaware  and  in  the  southern  part  of  the 
Eastern  Shore.  Thundersqualls  bring  the  most  frequent  high  winds  and  are  local 
in  character.  Tropical  hurricanes  or  their  remnants  sometimes  cross  Chesapeake 
Bay  or  sweep  the  Atlantic  coast  and  are  attended  by  heavy  rain,  but  they  do  not 
have  winds  of  hurricane  velocity  except  at  or  off  the  Atlantic  coast.  There  are 
also  northeasters  and  sweeps  of  northwest  winds  occasionally  in  winter. 

The  prevailing  direction  of  the  wind  at  Baltimore  is  from  the  southwest,  with 
an  average  annual  velocity  of  7.7  miles  an  hour.  At  Washington.  D.  C.  the  pre- 
vailing direction  is  from  the  northwest  in  winter  and  from  the  south  in  summer, 
and  the  average  annual  hourly  velocity  is  7.3  miles.  The  highest  recorded 
velocity  at  both  Baltimore  and  Washington  for  a  5-minute  period  is  ">4  miles  an 
hour  from  the  west  in  July  1902. 

A  feature  of  the  coastal  area  is  the  ocean  breeze  of  summer:  in  lands  bordering 
Chesapeake  Bay  it  is  the  "bay  breeze." 

John  R.  Weeks.  Meteorologist  and  Climatic 
Section  Director  for  Maryland  arid  Dela- 
ware, Weather  Bureau,  Baltimore. 
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Climate  oj  Michigan     • 


SUPPLEMENTARY   CLIMATIC  NOTES  FOR   MICHIGAN 

The  major  part  of  the  eastern  half  of  the  Upper  Peninsula  of  Michigan  has  a 
terrain  nearly  level,  the  highest  elevations  not  exceeding  400  feet  above  the 
level  of  Lakes  Superior  and  Michigan,  or  1,000  feet  above  sea  leveL  In  the  west- 
ern half  the  land  rises  progressively  much  higher,  especially  in  parts  of  Marquette, 
Baraga,  Houghton,  Iron,  Gogebic,  and  Ontonagon  Counties.  The  Porcupine 
Mountains,  in  Ontonagon  County,  attain  an  elevation  1.400  feet  above  Lake 
Superior — over  2,000  feet  above  sea  level.  The  largest  rivers  flowing  into  Lake 
Superior  are  the  Tahquamenon  in  the  east  and  the  Ontonagon  in  the  west.  The 
principal  rivers  tributary  to  Lake  Michigan  are  *  .naba,  and 

Menominee,  the  latter  forming  the  boundary  between  the  Upper  Peninsula  of 
Michigan  and  Wisconsin. 

Much  of  the  southern  hah*  of  the  Lower  Peninsula  is  level  or  gently  rolling, 
though  parts  of  Oakland,  Livingston,  Washtenaw.  Lenawee,  Jackson,  Hillsdale, 
and  Branch  Counties  reach  ele  1,000  to  1,200  feet  above  sea  level.     The 

north-central  part  of  the  Lower  Peninsula  is  capped  by  a  tableland  ranging  in 
height  from  1.200  to  1,400  feet  and  embracing  parts  of  Antrim,  Otsego,  Mont- 
morency, Oscoda.  Crawford.  Kalkaska,  V  vikee,  Roscommon,  Clare, 
and  Osceola  Counties.  From  this  divide,  the  rivers  flow  generally  westward 
to  Lake  Michigan  or  eastward  to  Lakes  Hur  31  air,  and  Erie.  The  main 
rivers  are  the  Manistee.  Muskegon.  Grand,  Kalamazoo,  and  St.  Joseph  in  the 
west,  and  the  An  &           -    -                         and  Clinton  in  the  east. 

Located  in  the  heart  of  the  Great  Lakes  region.  Michigan  has  the  longest  lake 
shore  line  of  anv  State  in  the  L'nion  and  is  naturally  under  the  climatic  influence 
96  large  bodies  of  water.  Two  distinct  types  of  climate  are  observed  in 
The  interior  counties  of  both  peninsulas  have  a  climate  that  alternates 
between  continental  and  semimarine  with  changing  meteorological  conditions. 
The  marine  :e  to  the  influence  of  the  Lakes,  which,  in  turn,  is  governed 

by  the  force  and  direction  of  the  wind.  When  there  is  little  or  no  wind,  the 
weather  becomes  continental  in  character,  which  means  pronounced  fluctuation 
in  temperature — hot  weather  in  summer  and  severe  cold  in  winter.  On  the 
other  hand,  a  strong  wind  from  the  Lakes  may  immediately  transform  the  weather 
into  a  semimarine  type. 
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Narrow  belts  extending  along  the  shores  of  Lakes  Superior  and  Michigan  and 
to  a  lesser  degree  along  Lake  Huron  have  a  modified  marine  climate  most  of  the 
year.  The  Lakes  seldom  freeze  over  entirely,  their  temperature  remaining 
above  the  freezing  point  in  the  coldest  weather.  The  typical  North  American 
cold  wave  which  frequently  sweeps  down  from  the  northwest  attended  by  strong 
north  or  northwest  winds,  is  considerably  tempered  in  severity  as  it  passes  over 
wide  stretches  of  the  relatively  warm  waters  of  Lakes  Superior  and  Michigan. 
In  this  way  the  temperature  of  the  moving  cold  air  may  be  raised  as  much  as 
20°  F..  so  that  the  areas  immediately  along  the  south  shore  of  Lake  Superior  and 
the  east  shore  of  Lake  Michigan  do  not  experience  the  severe  cold  that  prevails 
farther  inland. 

Since  large  bodies  of  water  are  less  responsive  to  temperature  changes,  the 
Lakes  hold  the  winter  cold  longer  in  the  spring  and  the  summer  heat  longer  in 
the  fall  than  do  the  land  areas.  This  stabilizing  influence  tends  to  retard  the 
advance  of  spring  along  their  shores,  thus  holding  back  the  development  of 
vegetation  till  the  likelihood  of  frost  is  over.  In  the  fall  a  reverse  process  slows 
up  the  approach  of  cold  weather  till  vegetation  has  matured  and  is  safe  from 
frost.  The  equalizing  effect  of  Lake  Superior  is  also  shown  in  a  doubling  of  the 
length  of  the  growing  season  along  its  southern  shore  as  compared  with  that 
farther  inland.  Moreover,  as  long  as  the  wind  is  on  shore  in  the  coastal  areas, 
the  effect  is  to  temper  the  extremes  of  heat  and  cold,  thus  producing  a  more 
equable  climate. 

The  equalizing:  influence  of  Lake  Michigan,  together  with  well-adapted  soils, 
sufficient  rainfall  during  the  growing  season,  and  abundant  sunshine  in  summer, 
has  produced  a  flourishing  fruit  industry  on  the  eastern  shore  of  the  lake. 

In  the  Upper  Peninsula,  the  average  date  of  the  last  killing  frost,  in  spring 
ranges  from  about  May  20  along  the  shores  of  Lakes  Superior  and  Michigan  to 
about  June  10  in  the  interior;  and  in  the  Lower  Peninsula,  from  May  1-10  in  the 
extreme  southern  counties  to  June  10  in  the  north-central  region. 

In  the  Upper  Peninsula,  the  average  date  of  the  first  killing  frost  in  fall  ranges 
from  about  September  1  in  the  interior  to  October  1-10  along  the  shores;  and  in 
the  Lower  Peninsula,  from  September  10  in  the  northern  interior  to  October  10 
in  the  extreme  southeast  and  October  20  in  the  extreme  west  and  southwest. 

In  the  Upper  Peninsula,  the  average  growing  season  ranges  from  80-90  days 
in  the  interior  to  140  along  the  lake  shores,  and  in  the  Lower  Peninsula,  from  90- 
100  days  in  the  northern  interior  to  150-160  in  the  extreme  southeast,  150-170 
along  the  middle  shore  of  Lake  Michigan,  and  180  days  in  the  extreme  south- 
western county.  Thus  the  extreme  range  in  the  length  of  the  growing  season  is 
more  than  3  months. 

Precipitation  is  fairly  well  distributed  through  the  year,  and  no  conspicuous 
variation  is  noted  in  the  seasonal  march  generally,  although  the  curve  shows 
about  1  inch  less  a  month  in  winter  than  in  summer,  the  heavier  amounts  in  sum- 
mer being  due  to  thundershowers.  The  variation  in  annual  amounts  over  the 
State  is  not  larece.  Droughts  occur  occasionally,  but  are  never  so  severe  and 
prolonged  as  in  the  States  to  the  south  and  west . 

The  variation  in  snowfall  over  the  State  is  wide,  ranging  from  115-130  inches 
along  the  north  side  of  the  Upper  Peninsula  to  30  inches  over  the  extreme 
southeast  border  of  the  Lower  Peninsula.  This  decrease  from  north  to  southeast, 
however,  is  not  uniform  since  there  is  another  area  of  moderately  heavy  snow- 
fall in  the  highlands  of  three  or  four  counties  to  the  eastward  and  southward  of 
Grand  Traverse  Bay. 

The  average  number  of  days  with  appreciable  rain  in  Michigan  is  107  a  year, 
or  slightly  less  than  1  day  in  3.  The  total  number  of  cloudy  days  just  about 
balances  the  number  of  clear  days.  Much  cloudiness  prevails  duriug  the  winter 
season,  but  sunshine  is  abundant  during  the  summer  months.  Similarly,  relative 
humidity  remains  rather  high  during  the  winter  but  is  only  moderate  in  summer. 

The  prevailing  wind  is  from  the  southwest  over  southern' Michigan  and  westerly 
over  northern  sections.  The  State  is  seldom  visited  by  violent  windstorms,  al- 
though such  storms  are  not  unknown,  especially  in  the  southern  counties.  Com- 
paratively few  glaze  storms  of  destructive  character  have  occurred.  Extensive 
floods  are  practically  unknown,  the  only  instances  of  flooding  being  of  a  freshet 
character  in  connection  with  the  break-up  of  ice  in  the  spring. 

H.  Merrill  Wills.  Meteorologist  and 
Climatic  Section  Director  for  Michi- 
gan, Weather  Bureau.   East  Lansing. 
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SUPPLEMENTARY  CLIMATIC   NOTES  FOR  MINNESOTA 

Minnesota  occupies  a  central  position  on  the  Continent  of  North  America. 
The  area  of  the  State  is  84,682  square  miles,  of  which  approximately  5,000  is  the 
water  surface  of  numerous  lakes.  The  greatest  distance  across  the  State  from 
north  to  south  is  400  miles,  and  its  greatest  width,  north  of  Lake  Superior,  357. 

The  headwaters  of  3  extensive  drainage  systems,  flowing  in  opposite  direc- 
tions, lie  within  Minnesota.  The  drainage  basins  are  the  Mississippi  (southward), 
the  St.  Lawrence  (eastward),  and  Hudson  Bay  (northward).  Thus  delineated, 
its  domain  constitutes  a  plateau  at  the  head  of  the  Mississippi  Valley  that  has  an 
average  elevation  of  1,200  feet.  This  plateau  is  not  high,  but  it  has,  in  places, 
considerable  relief.  The  highest  point  is  2,230  feet  in  the  highlands  north  of  Lake 
Superior,  and  the  lowest  is  602  feet  at  the  surface  of  that  lake.  Other  relatively 
low  elevations  are  the  Mississippi- Minnesota  bottoms  and  the  valley  of  the  Red 
River  of  the  North.  The  long,  low  slopes  of  prairie  lands  and  forests  do  not 
gather  water  quickly  into  great  volumes  or  roll  it  off  readily;  so  the  State  is  not 
particularly  subject  to  floods. 

Owing  to  its  midcontinental  location,  Minnesota  has  a  marked  continental 
climate,  characterized  by  wide  variations  in  temperature,  scanty  winter  precipita- 
tion, normally  ample  summer  rainfall,  and  a  general  tendency  to  extreme-  in  all 
climatic  features.  The  most  important  influence  on  the  climate  is  the  succession 
of  highs  and  lows  (anticyclones  and  cyclones)  that  continually  sweep  acro>.-  the 
Northern  States  from  west  to  east.  The  disturbances  of  western  Canada  and  the 
northern  Rocky  Mountain  region,  which  are  carried  eastward  across  the  upper 
Mississippi  Valley,  are  succeeded  by  the  cooler  polar  air  masses  of  the  anti- 
cyclones, resulting  in  alternating  periods  of  heat  and  cold  and  of  rainy  weather 
and  clear  skies.  The  cyclonic  control  of  climate  gives  Minnesota  changeable 
weather  that  is  stimulating  and  invigorating. 

The  average  mean  temperatures  for  the  four  seasons — winter.  12.  I  1  ..  spring. 
41.6°,  summer.  67.5°,  and  fall,  45° — show  the  considerable  range  between  winter 
and  summer.  In  the  latitude  of  Minnesota,  where  crop-  are  planted  late  in  spring 
and  mature  early  in  fall,  less  importance  la  attached  to  severe  winter  temperatures 
than  to  the  warmth  and  length  of  the  growing  season. 
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Because  of  a  favorable  growing  season,  Minnesota  maintains  a  high  rank  in 
agricultural  production.  Wide  variations  in  the  length  of  the  growing  season  are 
to  be  expected  in  a  niidcontinental  area  that  covers  400  miles  of  latitude  in  the 
Temperate  Zone.  A  short  season  of  "90  to  110  days  prevails  in  the  Iron  Ranges 
and  along  the  Canadian  boundary,  but  the  season  ranges  from  130  to  160  days 
in  other  sections  of  the  State. 

The  average  date  of  the  last  killing  frost  in  spring  varies  from  May  5  in  the 
extreme  southeast  to  May  30  in  the  extreme  north.  Owing  to  the  moderating 
effect  of  Lake  Superior,  killing  frosts  do  not  occur  later  in  the  spring  at  Duluth 
than  at  stations  in  extreme  southern  Minnesota.  The  average  date  of  the  first 
fall  frost  is  September  9  in  the  Iron  Ranges  and  October  5  in  the  southeastern 
lowlands.  For  the  State  as  a  whole,  the  average  growing  season  for  the  period 
1891-1939  was  133  days. 

In  recent  years  there  has  been  a  decrease  in  annual  rainfall  over  vast  areas  in 
the  Great  Plains  and  the  Mississippi  Valley.  This  is  not  to  be  interpreted, 
however,  as  a  definite  climatic  change  to  drier  weather  but  rather  as  a  long-period 
fluctuation  to  less  than  normal  moisture,  with  a  probable  return  to  more  than 
average  rainfall  in  the  generation  to  come. 

The  annual  amount  of  precipitation,  as  of  temperature,  is  less  important  than 
its  distribution  through  the  year.  Vegetation  is  dormant  during  7  months  of  the 
year;  the  major  crops  of  grain  and  hay  are  produced  during  4  months,  May  to 
August,  during  which  13.59  inches,  or  55  percent  of  the  annual  rainfall,  is  normally 
received.  Evaporation  is  less  rapid  in  this  State  than  in  regions  farther  south, 
and  consequently  the  demands  of  vegetation  are  not  so  great.  These  conditions 
tend  to  make  the  Minnesota  annual  rainfall  of  25  inches  more  effective  in  crop- 
producing  power  than  equal  or  even  greater  amounts  in  warmer  climates.  The 
average  annual  precipitation  is  greatest — 32  inches — in  the  extreme  southeastern 
counties  and  gradually  diminishes  in  a  northwesterly  direction  across  the  State  to 
19  inches  in  the  lower  valley  of  the  Red  River  of  the  North. 

Minnesota's  high  rank  in  agriculture  indicates  that  sunshine  is  ample  during  the 
crop  season.  The  average  number  of  hours  of  sunshine  is  2,604.  or  57  percent  of 
the  possible  amount. 

Thunderstorms  are  the  principal  source  of  rain  during  the  active  vegetative 
period.  The  northern  districts  of  the  State  have  an  average  of  27  thunderstorms 
a  year,  and  the  southern  sections  37.  An  average  of  1  damaging  or  excessive 
rainstorm  is  experienced  in  each  county  during  the  summer  season.  Crop  failures 
due  to  droughts  can  be  expected  on  an  average  once  in  every  10  years  in  the  west- 
ern part  of  the  State  and  about  once  in  20  years  in  the  eastern  districts. 

Snowfall  varies  from  20  inches  a  year  in  the  extreme  southwestern  corner  of 
Minnesota  to  over  70  inches  in  the  extreme  northeast.  It  is  light  in  the  lower  Red 
River  of  the  North  Valley  and  in  south-central  counties  and  moderately  heavy  in 
the  Lake  Superior  district,  the  northern  ranges,  and  the  immediate  vicinity  of  tRe 
Mississippi  River. 

Severe  storms,  such  as  tornadoes  and  ice  storms,  are  not  numerous,  but  they 
do  occur  occasionally.  Its  latitude  places  the  State  at  the  northern  edge  of  the 
region  of  maximum  tornado  frequency,  and  the  average  number  of  active,  well- 
defined,  and  destructive  tornadic  storms  is  three  a  year.  Ice  storms  usually 
involve  a  large  area  and  may  do  extensive  damage  to  trees  and  overhead  wires; 
fortunately,  such  storms  are  few. 

Martin  R.  Hovde,  Meteorologist  and  Cli- 
matic Section  Director  for  Minnesota, 
Weather  Bureau,  Minneapolis. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  MISSISSIPPI 

The  climate  of  Mississippi  is  determined  more  by  the  extensive  land  mass  of 
North  America  to  the  north  and  west  and  the  tempering  waters  of  the  Gulf  of 
Mexico  to  the  south  than  by  topography.  The  highest  lands  within  the  State, 
located  near  the  northern  border,  are  less  than  800  feet  in  altitude.  About  4%° 
of  latitude  intervene  between  the  northern  and  southern  boundaries. 

Aside  from  the  alluvial  deposits  along  the  numerous  streams,  much  of  the  median 
section  to  the  north  of  latitude  32°  is  gently  rolling  to  decidedly  hilly  with  a 
considerable  area  subject  to  erosion  and  requiring  the  application  of  fertilizer  to 
grow  satisfactory  crops.  The  northeastern  prairie  belt  and  the  Delta  section,  the 
latter  located  between  the  Tallahatchie- Yazoo  Basin  and  the  Mississippi  River, 
are  level  and  very  fertile. 

A  triangular  area  with  its  apex  in  Rankin  County  and  its  base  on  the  coast, 
comprising  nearly  a  third  of  the  total  area  of  the  State,  is  generally  level  but  lacks 
natural  fertility,  except  for  alluvial  deposits  along  the  streams. 

The  State  is  well  supplied  with  both  surface  and  underground  water.  At  many 
places  overflowing  artesian  wells  can  be  obtained  at  depths  ranging  from  400  to 
1,000  feet. 

Except  for  a  limited  area  in  the  extreme  northeast  where  drainage  is  north- 
ward into  the  Tennessee  River,  drainage  in  Mississippi  is  in  a  southerly  direc- 
tion— into  the  Tombigbee  along  the  eastern  border,  directly  into  the  Gulf  of 
Mexico,  or  into  the  Mississippi  River  on  the  west.  Parts  of  the  Tombigbee, 
the  Pearl,  and  the  Yazoo  are  navigable  during  at  least  a  part  of  the  year,  and  the 
bordering  Mississippi  at  all  seasons. 

Dense  fog  occurs  occasionally  near  daybreak,  but  it  is  generally  dissipated 
early  in  the  forenoon  and  rarely  lasts  throughout  the  day.  However,  high  hu- 
midity is  prevalent,  and  this,  combined  with  hot  nights  from  early  in  May  to 
about  the  middle  of  September,  produces  discomfort  at  times  during  the  summer 
in  the  interior,  relieved  occasionally  by  thunderstorms.  These  storms  are  some 
times  accompanied  by  locally  violent  and  destructive  winds. 

Tornadoes  occur  occasionally,  generally  following  a  narrow  path  from  south- 
west to  northeast.  They  cause  much  damage  to  life  and  property  when  they  pass 
over  thickly  settled  areas,  towns,  or  cities.     They  occur  mostly  from  the  middle 
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oi  March  to  late  in  June.  Hurricanes  of  tropical  origin  sometimes  occasion  con- 
siderable alarm  and  do  much  damage  on  the  immediate  coast,  occurring  mostly 
from  early  in  June  to  late  in  October.  However,  the  accompanying  violent 
winds  seldom  penetrate  far  inland.      * 

The  most  agreeable  weather  in  Mississippi  usually  occurs  about  the  middle  of 
September  to  the  latter  part  of  November,  but  in  many  years  comfortable,  pleas- 
ant conditions  extend  to  late  December,  with  flowers  blooming  in  profusion  in 
central  and  southern  parts  of  the  State  almost  to  the  New  Year.  Cold  periods  in 
winter  are  generally  of  short  duration  but  are  acutely  felt  when  they  do  occur. 
The  prevailing  winds  are  from  the  north  in  winter  and  mostly  from  a  southerly 
direction  in  the  other  seasons  of  the  year.  On  the  coast  the  hot  weather  of  sum- 
mer is  somewhat  relieved  by  the  prevalence  of  a  Gulf  breeze. 

Since  the  beginning  of  state-wide  records,  in  1888,  extreme  temperatures  of 
over  100°  F.  have  occurred  each  summer  at  one  or  more  stations.  Temperatures 
of  zero  or  lower  are  recorded  during  the  winter  about  1  year  in  4.  Temperatures 
of  32°  or  lower  are  experienced  on  the  Gulf  coast  almost  every  winter. 

In  Mississippi  the  nights,  as  well  as  the  days,  are  generally  warm  during  much 
of  the  year,  and  the  annual  average  percentage  of  consecutive  days  free  from 
killing  frost  ranees  from  about  60  percent  in  the  north  to  about  75  on  the  coast. 
The  la^t  killing  frost  in  spring  varies  on  an  average  from  the  first  10  days  in 
March  in  the  extreme  south  to  as  late  as  April  1  locally  in  the  north-central  and 
northeastern  parts  of  the  State.  The  first  in  fall  occurs,  on  an  average,  during 
the  last  10  days  in  October  over  much  of  the  State,  but  in  the  extreme  south  it 
is  deferred  until  about  the  middle  of  November.  Thus  the  length  of  the  growing 
season  varies  from  about  210  days  in  north-central  counties  to  250  or  260  in  the 
extreme  southern  part  of  the  State.  However,  frost  may  be  expected  about  1 
year  in  10  later  than  the  first  10  days  in  April  in  the  north  and  as  late  as  April  1 
in  the  extreme  south.  Also  in  fall  it  occurs  on  an  average  of  1  year  in  10  as  early 
as  November  1  in  the  more  southern  sections. 

Id  an  average  growing  season  with  favorable  rainfall,  corn  and  forage  crops 
may  be  grown  successfully  if  planted  as  late  as  the  middle  of  July. 

The  southern  part  of  Mississippi  comes  within  the  area  of  maximum  precipita- 
tion east  of  the  Rocky  Mountains.  The  average  annual  amounts  range  from 
more  than  60  inches  in  the  extreme  south  to  less  than  50  in  some  northern  sections. 
The  relative  dryness  of  the  fall  favors  the  harvesting  of  matured  crops. 

Thunderstorms  occur  most  frequently  in  summer,  or  during  the  period  of 
highest  temperatures,  but  they  form  occasionally  in  the  winter  season.  The 
average  number  of  days  with  a  measurable  amount  of  precipitation  is  93,  or 
about  1  day  in  4. 

Snowfall  is  rare.  The  annual  average  for  the  State  is  only  2.1  inches,  but 
snow  may  occasionally  reach  a  depth  of  10  inches  or  more.  When  snow  does  fall 
it  seldom  remains  on  the  ground  for  any  considerable  length  of  time,  and  occa- 
sionally no  measurable  amount  is  reported  within  the  State  during  an  entire  year. 

The  cloudiest  weather  occurs  in  winter  and  the  sunniest  in  late  summer  and 
fall.  For  the  State  as  a  whole  the  average  number  of  clear  days  annually  is 
171,  partly  cloudy,  93,  and  cloudy,  101. 

Robert  T.  Lixdley,  Associate  Meteorologist 
and  Climatic  Section  Director  for  Missis- 
sippi, Weather  Bureau,  Vicksburg. 
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SUPPLEMENTARY   CLIMATIC  NOTES  FOR  MISSOURI 

Missouri  has  three  distinct  topographic  divisions — in  the  north  an  upland 
plain,  or  prairie;  in  the  extreme  southeast,  a  lowland;  and  between  these,  the 
Missouri  part  of  the  Ozark  uplift.  The  boundary  between  the  prairie  and  the 
Ozark  section  follows  the  Missouri  River  from  its  mouth  to  about  Glasgow,  thence 
running  south  west  ward,  with  irregular  limits  but  a  direct  trend,  to  Jasper  County. 
The  boundary  between  the  Ozark  and  lowland  sections  runs  due  southwest  from 
Cape  Girardeau. 

The  prairie  section  embraces  nearly  half  of  Missouri,  including  all  of  the  area 
north  of  the  Missouri  River  and  an  appreciable  part  south  of  the  river  in  the 
western  part  of  the  State.  It  is  a  rolling  country  with  an  abundance  of  streams, 
more  hilly  and  broken  in  its  western  than  in  its  eastern  part.  Elevations  range 
from  nearly  1.200  feet  above  sea  level  in  the  extreme  northwest  to  about  500  feet 
in  the  extreme  northeast,  and  to  about  900  feet  along  the  border  of  the  Ozark 
section.  The  larger  streams  have  valleys  250  to  300  feet  deep,  which  in  places 
are  8  to  10  miles  wide,  the  country  bordering  on  the  streams  being  the  most  broken. 

The  Ozark  section  comprises  about  half  of  the  State  and  is  substantially  a  low 
dome  or  belt  of  highland  that  extends  from  near  the  Mississippi  River,  abo       - 
Genevieve  County,   to  Barry   County  near  the  southwest  corner  of  the   S 
Elevations  of  the  crest  in  Missouri  vary  from  1.000  to  slightly  more  than  1.600  feet. 

The  southeast  lowland  is  undulating  country  with  an  area  of  some  3.000  square 
miles.     It  is  well  drained  for  the  most  part  but  swampy  in  its  lowest  parts. 

The  drainage  of  the  State  is  entirely  into  the  Mississippi  River  either  directly 
or  indirectly,  and  almost  entirely  into  either  that  river  or  the  Missouri  within 
the  borders"  of  the  State.  The  latter  stream  forms  the  northwest  border  and 
flows  eastward  from  Kansas  City  a«  entering  *  -ippi  about 

12  miles  above  St.   Louis.     The  area  drained  into  the    Mississippi  outside  the 
State  through  the  White.  St.  Francis,  and  other  minor  streams  is  relatively  - 

Because  of  its  inland  location  the  entire  State  has  a  climate  t:  tially 

of  the  continental  type.     While  extremes  of  heat  and  cold,  drought  and  moisture 
are  marked  in  some  years,  they  are  not  so  pronounced  as  in  the  more  northerly 
States.     The  weather  in  general  is  changeable,  but  in  the  course  of  a  year  there 
are  many  periods  when  it  is  settled  and  moderate.     The  wil 
and  stimulating  as  a  rale, seldom  severe,  but  with  occasional  si  of  extreme 

cold.     Almost  every  winter  ha-  able  periods  of  mild  weather. 
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The  summers  are  generally  warm,  as  would  be  expected  from  the  latitude  and 
the  interior-continental  situation.  There  is  a  large  range  in  the  average  tem- 
perature for  the  summer  season,  but  excessively  warm  summers  are  the  exception. 
Spring  and  fall  are  generally  characterized  by  moderate  temperatures. 

It  is  worthy  of  note  that  winter  temperatures  average  considerably  milder  in 
the  Ozarks  than  in  the  upland  plain  or  prairie  section,  especially  the  northern 
parts  of  the  latter,  owing  largely  to  differences  in  latitude;  but  in  summer 
the  Ozarks  average  appreciably  cooler,  the  effects  of  latitude  being  more  than 
overcome  by  the  higher  altitude. 

The  average  number  of  days  during  the  year  with  minimum  temperatures  below 
32°  F.  ranges  from  about  105  in  the  northern  part  to  about  65  in  the  extreme 
southeast.  Occasionally  a  winter  is  exceptionally  mild  and  pleasant.  On  an 
average,  however,  about  three  cold  waves  a  season  sweep  over  the  State.  As  a 
rule,  they  are  not  of  the  blizzard  type,  though  they  do  bring  marked  changes 
in  temperature  and  occasionally  extreme  cold.  Cold  waves  have  an  average 
duration  of  slightly  less  than  3  days. 

In  a  relatively  dry  atmosphere,  such  as  is  characteristic  of  Missouri,  the  tem- 
perature may  occasionally  fall  considerably  bel6w  the  freezing  point  of  water 
without  the  occurrence  of  visible  frost.  Occasionally  there  is  a  killing  frost  with 
an  air  temperature  a  few  feet  above  the  ground  as  high  as  36°  F.,  and  at  other 
times  only  light  frost  may  form  with  temperatures  of  25°  or  even  lower.  In  the 
former  case  "the  deposit  is  usually  copious,  owing  to  the  humidity.  Injury  to 
plants  is  nearly  always  greater  from  freezing  temperatures  without  frost  than  from 
heavy  frost  with  temperatures  above  freezing,  although  the  absence  of  visible 
frost  may  give  the  impression  at  the  time  that  no  damage  has  occurred.  Owing 
to  the  relative  dryness  of  the  air  in  Missouri,  however,  killing  frosts  usually  coin- 
cide closely  with  a  temperature  of  32°. 

The  average  date  of  the  last  killing  frost,  or  a  temperature  of  32°  F.,  in  spring 
in  the  northeastern  plain  is  about  April  19,  and  the  first  in  fall  is  about  October 
14,  giving  a  frostless  season  of  approximately  ITS  days.  For  the  northwestern 
plateau  the  dates  are  April  21  and  October  11,  respectively,  a  frostless  season  of 
about  173  days.  Sometimes  during  a  late,  cold  spring,  temperatures  low  enough 
for  killing  frost  occur  as  late  as  May  25  in  both  sections,  and  locally  in  the  north- 
western plateau  as  late  as  May  28.  In  the  fall,  killing  frost  has  occurred  locally 
as  early  as  September  13  to  18  once  or  twice  in  about  30  years,  but  oftener  and 
more  generally  during  the  last  10  days  of  September,  especially  the  last  week. 

The  average  annual  precipitation  ranges  from  slightly  above  50  inches  in  the 
southeast  lowlands  to  32  in  the  extreme  northwest.  About  42  percent  of  the 
annual  precipitation  occurs  during  the  active  crop-growing  months,  May  to 
August,  inclusive.  Long  rainy  spells  are  unusual;  they  are  longer  during  the 
spring  months  than  in  any  other  period,  13  consecutive  days  with  rain  in  May  being 
about  the  extreme  record.  Summer  rains  are  frequently  in  the  form  of  thunder- 
showers,  which  are  occasionally  severe,  with  hail  and  high  winds.  Local  rains, 
especially  in  late  spring  and  summer,  are  at  times  excessive;  more  than  10  inches 
has  been  recorded  within  24  consecutive  hours. 

Tender  average  conditions  rainfall  is  sufficient  for  crop  growth  and  domestic 
purposes  in  all  parts  of  the  State.  Droughts  are  occasionally  experienced,  how- 
ever. Serious  droughts  during  the  principal  crop-growing  season  have  occurred 
nearly  a  dozen  times  in  the  70-year  period  1870-1939.  In  a  State  of  such  extent 
and  such  variable  topography,  a  drought  seldom   covers  the  entire  area. 

The  total  seasonal  snowfall  for  the  State  from  year  to  year  ranges  from  5  to 
nearly  40  inches,  with  an  average  of  nearly  18. 

Floods  occur  in  the  smaller  streams  once  or  twice  in  most  year.-,  principally 
in  the  spring  or  early  summer.  Severe  floods  with  heavy  losses  do  not  often  occur 
in  the  Missouri  and  Mississippi  Rivers  in  Missouri. 

The  average  annual  number  of  thunderstorms  ranges  from  about  48  in  the 
northern  section  to  57  in  the  southeast.  They  are  of  decidedly  greater  frequency 
than  in  the  more  northern  States,  but  less  frequent  than  in  the  Southeastern  States. 
Tornadoes  occur  in  some  part  of  Missouri  on  an  average  of  once  or  twice  a  year, 
with  some  years  none  and  others  several.  This  is  a  moderate  frequency  com- 
pared with  some  other  States  of  the  interior  valleys.  These  storms  have  very 
narrow  paths  and  often  disintegrate  within  a  few  miles. 

Walter  J.  Moxom,  Seru'or  Meteorologist  and 
Climatic  Section  Director  for  Missouri, 
Weather  Bureau,  St.  Louis. 
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MONTANA 

AVERAGE    NUMBER    OF    DAYS    WITHOUT    KILLING    FROST 


120     120 


MONTANA 

AVERAGE     WARM-SEASON     PRECIPITATION    (INCHES) 
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MONTANA 

AVERAGE  ANNUAL   PRECIPITATION  (  INCHES) 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  MONTANA 

The  main  range  of  the  Rocky  Mountains  crosses  the  western  part  of  Montana 
in  a  northwest-southeast  direction,  dividing  the  State  into  two  sections  of  unequal 
size.  The  western  part  is  characterized  by  rugged  mountains  and  mostly  narrow 
valleys,  while  the  east  conforms  largely  to  the  Great  Plains  type  of  country,  broken 
occasionally  by  wide  valleys  and  isolated  groups  of  mountains.  The  approximate 
mean  altitude  of  3,400  feet  is  the  lowest  for  the  Rocky  Mountain  States.  The 
lowest  elevation,  1,800  feet,  occurs  where  the  Kootenai  River  leaves  the  State  in 
the  northwest,  while  the  highest,  12,850  feet,  is  the  summit  of  Granite  Peak,  near 
the  south-central  boundary.  Half  of  the  State  has  an  elevation  in  excess  of  5,000 
feet.  Watersheds  divert  drainage  to  the  Pacific,  Atlantic,  and  Arctic  Oceans. 
The  principal  rivers  are  the  Clark  Fork  of  the  Columbia  in  the  west  and  the 
Missouri  and  Yellowstone  in  the  east. 

The  Continental  Divide  of  the  Rocky  Mountains  exerts  a  marked  influence  on 
the  State's  climate.  Conditions  west  of  the  Divide  are  modified  to  a  considerable 
extent  by  the  influence  of  the  Pacific  Ocean,  while  the  east  is  under  continental 
influences.  In  consequence,  the  western  area  has  milder  winters,  cooler  sum- 
mers, more  frequent,  abundant,  and  evenly  distributed  precipitation,  less  wind 
movement,  a  greater  degree  of  cloudiness,  and  a  shorter  growing  season  than  the 
eastern  part. 

The  mountain  ranges  afford  western  districts  some  protection  from  the  cold 
waves  which  during  the  winter  sweep  suddenly  southward  along  their  eastern 
slopes  from  the  interior  of  Canada  and  the  arctic  region.  At  other  times  in 
winter,  when  certain  types  of  air  masses  are  in  favorable  positions,  the  presence 
of  the  mountains  is  of  peculiar  local  benefit  to  areas  east  of  the  Divide,  through 
the  promotion  of  rapid  descent  of  relatively  warm  air  from  aloft  and  the  occurrence 
of  the  well-known  chinook  wind. 

Montana  is  traversed  by,  or  is  in  close  proximity  to,  the  principal  storm  paths 
of  the  Northwest.  Mass  air  movement-  of  contrasting  characteristics  generally 
follow  one  another  from  September  to  June  in  relatively  rapid  succession,  resulting 
in  marked  instability  of  weather  conditions  with  marked  temperature  fluctuation^. 
At  times  there  are  prolonged  periods  of  winter  cold,  but  Long  hot  spells  in  Bummer 
are  more  the  exception  than  the  rule. 
20s7:,.7o — 41 62 
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The  principal  moisture-laden  air  masses  approach  the  State  from  the  Pacific 
coast,  but  they  are  usually  forced  to  precipitate  the  greater  part  of  their  moisture 
in  crossing  the  more  western  mountain  ranges.  The  final  lift  across  the  main 
range  of  the  Rockies  is  attended  by  further  cooling  of  the  air  and  consequent 
precipitation  over  the  western  part  of  the  State.  The  air  in  its  descent  over  the 
eastern  slope  is  warmed  and  dried,  which  largely  accounts  for  the  scanty  precipi- 
tation in  the  more  eastern  districts.  In  winter,  snowfall  usually  accumulates  to 
considerable  depths  in  the  higher  mountains  and  furnishes  a  fairly  sustained  and 
dependable  run-off  for  irrigation,  power,  and  other  purposes. 

Temperatures  of  100°  or  higher  may  occur  in  any  month  from  May  to  Sep- 
tember, and  of  zero  or  lower  in  any  month  from  September  to  May.  The  highest 
average  annual  temperatures  occur  in  the  upper  half  of  the  Yellowstone  Valley, 
and  the  lowest  over  the  elevated  regions  of  the  extreme  southwest. 

Winters  are  usually  cold,  with  an  occasional  one  that  is  open  and  mild.  Cold 
waves  and  blizzards  are  features  of  the  winter  season.  Cold  waves  of  varying 
severity  cause  sudden,  sharp  drops  in  temperature  and  are  often  followed  by  a 
protracted  cold  spell,  especially  over  the  more  eastern  districts.  The  intense 
cold  may  be  terminated  as  abruptly  as  it  began  by  the  occurrence  of  the  warm 
chinook,  followed  by  a  more  or  less  extended  period  of  mild,  pleasant  weather. 
Freezing  temperatures  and  snowfall  may  occur  late  in  May,  or  even  early  in 
June,  and  as  early  as  September  in  the  fall.     Autumn  is  usually  mild  and  pleasant. 

Although  the  summer  season  is  short,  crop  growth  is  stimulated  by  the  long 
hours  of  daylight  peculiar  to  high  latitudes  and  the  greater  intensity  of  sunshine 
incident  to  high  altitudes.  Any  discomfort  of  excessively  warm  days  is  usually 
relieved  by  cool  nights,  particularly  in  the  mountain  regions. 

Successful  production  of  farm  crops  is  ordinarily  not  possible  where  the  length 
of  the  frost-free  season  is  less  than  90  days.  The  growing  season  in  Montana  is 
highly  variable  in  length,  elevation  being  a  limiting  factor.  In  some  elevated 
regions  freezing  temperatures  occur  every  month  in  the  year.  In  the  southwest, 
where  the  growing  season  is  about  105  days,  the  average  date  of  the  last  killing 
frost  in  spring  is  about  May  30  and  of  the  first  in  fall  about  September  12.  In 
the  southeast,  where  the  season  is  20  days  longer,  the  average  dates  of  killing-frost 
limits  are  May  18  and  September  20. 

Approximately  half  the  State  has  an  annual  precipitation  ranging  between 
13  and  16  inches.  In  the  driest  areas,  which  are  almost  exclusively  east  of  the 
Divide,  the  totals  range  from  10  to  13  inches.  The  wettest  sections  comprise 
the  higher  mountain  ranges  of  the  northwest  where  the  annual  average  is  in 
excess  of  25  inches.  The  average  annual  number  of  days  with  0.01  inch  or  more 
of  precipitation  is  79,  decreasing  from  94  in  the  west  to  64  in  the  east. 

Snowfall  is  lightest  over  the  eastern  plains  region  and  heaviest  over  western 
mountain  districts,  where  its  occurrence  over  the  higher  ranges  may  be  expected 
in  any  month  of  the  year.  The  average  seasonal  amount  is  51.9  inches,  but  it 
decreases  to  a  minimum  of  about  15  inches  in  a  few  eastern  localities.  Snow- 
cover  over  the  plains  area  and  lower  valleys  is  seldom  continuous  through  the 
winter  because  of  the  drifting  action  of  wind  and  melting  by  the  chinook.  A 
snow  cover  is  favorable  for  overwintering  of  plants  and  the  prevention  of  soil 
erosion,  but  it  limits  the  use  of  ranges  for  winter  grazing. 

The  possible  total  hours  of  sunshine  a  day  during  the  year  varies  in  northern 
Montana  from  a  minimum  of  8%  on  December  22  to  a  maximum  of  16^  on 
June  21.  Percentages  of  the  possible  amount  of  sunshine  that  are  actually 
received  vary  from  a  maximum  of  76  in  July  to  a  minimum  of  42  in  December. 

The  average  annual  number  of  clear  days  is  158,  partly  cloudy  106,  and  cloudy 
101.  The  prevailing  winds  are  westerly.  Severe,  damaging  hail  may  occur  from 
May  to  September,  most  frequently  in  June  and  July.     Tornadoes  are  rare. 

William  E.  Maughan,  Associate  Meteorologist 
and  Climatic  Section  Director  for  Montana, 
Weather  Bureau,  Helena. 
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NEBRASKA 
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NEBRASKA 

AVERAGE    DATES    OF     LAST    KILLING   FROST  IN    SPRING 


MAY  20    MAY  15  MAY  ,0  MAY  5  MAY  5 


MAY  5 


APR  .30 

APR  30 


APR.30    APR.30       APR.30      APR.25 


APR.25 


NEBRASKA 

AVERAGE   DATES    OF  FIRST  KILLING  FROST  IN   FALL 


SEPT  25 

SEPT  30 -OCT.  5 %  ___  _ 

A_^ OCT! 


OCT  5 


OCT  5' 
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OCT  15 


976     •      Yearbook  of  Agriculture.  1941 


NEBRASKA 

AVERAGE   NUMBER    OF  DAYS  WITHOUT  KILLING    FROST 


130  140       140  140 


NEBRASKA 

AVERAGE  WARM-SEASON   PRECIPITATION  (INCHES) 
{APRIL  TO    SEPTEMBER,  INCLUSIVE) 


16  18 


20  22    24 


Climate  o/  \ebraska 
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Nebraska  is  near  the  geographic  center  of  the  United  States.  On  its  eastern 
boundary,  along  the  Missouri  River,  the  elevation  above  sea  level  rises  from  900 
feet  in  the  southeast  to  1,200  feet  in  the  northeast.  The  elevation  also  increases 
westward  to  about  3,000  feet  in  the  southwest  and  5,000  feet  in  the  northwest. 
The  landscape  changes  from  level  or  gently  rolling  prairie  in  the  east,  to  rounded 
sand  lulls  in  the  north-central  part,  and  thence  westward  to  high  plains.  The 
Platte  River  with  its  tributaries  drains  the  greater  part  of  the  State. 

The  soils  of  the  State  are  typical  of  the  three  main  divisions:  (1)  The  loess 
section  of  deep  rich  silt  loams  and  sandy  loams  comprises  about  42,000  square 
miles  in  the  eastern  third  and  southwestern  quarter  of  the  State,  in  which  corn 
and  winter  wheat  are  the  leading  commercial  crops.  (2)  The  sand-hill  section, 
made  up  of  rounded  hills  interspersed  with  thousands  of  small  basins  and  valleys 
and  numerous  shallow  lakes,  has  an  area  of  about  20,000  square  miles.  The 
sandy  or  sandy  loam  soils  are  not  cultivated  but  produce  abundant  pasturage 
and  crops  of  prairie  hay,  making  tins  an  important  cattle-raising  district.  (3) 
The  high  plains  section  with  broad  tablelands  and  considerable  areas  of  bottom 
land  is  confined  mostly  to  the  western  panhandle  area  and  occupies  about  15.000 
square  miles.  In  this  section  there  are  many  varieties  of  loams  and  sandy 
having  a  wide  range  in  texture  and  structure.  Spring  wheat,  potatoes,  and  i 
beets  are  leading  products,  the  latter  in  the  Platte  Valley  under  irrigation. 

Nebraska  has  the  typical  climate  of  the  interior  of  large  continents  in  middle 
latitudes,  that  is,  rather  light  rainfall,  low  humidity,  hot  summers,  severe  winters, 
great  variations  in  temperature  and  rainfall  from  year  to  year,  and  frequent 
changes  in  weather  from  day  to  day  or  week  to  week.  The  short-period  weather 
changes  are  brought  about  by  the  invasion  of  large  masses  of  air  of  different  charac- 
teristics, such  as  warm,  moist  air  from  the  Gulf  of  Mexico:  hot,  dry  air  from  the 
southwest;  cool,  rather  dry  air  from  the  north  Pacific  Ocean;  and  cold,  dry  air 
from  the  interior  of  Canada. 

The  mass  movements  of  air  are  associated  with  the  eastward  travel  of  areas 
of  low  and  high  pressure  (cyclones  and  anticyclones).  The  Rocky  Mountains 
influence  the  tracks  of  the  errfonie  storms,  many  of  which  pass  either  to  the 
north  or  to  the  south  of  Nebraska,  often  attended  by  rain  farther  emst  but  little 
or  none  in  this  State.  Air  crossing  the  mountains  from  the  west  loses  much  of  its 
on  the  windward  side  and  becomes  warmer  and  drier  as  it 
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the  eastern  slopes.  The  main  factors  that  control  the  climate  of  Nebraska  are, 
therefore,  (1)  its  latitude;  (2)  its  position,  far  from  extensive  bodies  of  warm  water, 
in  the  middle  of  a  large  continent,  with  large  land  masses  to  the  north  of  it; 
(3)  its  position  to  the  east  of  a  high  mountain  system  extending  north  and  south; 
and  (4)  its  altitude. 

The  mean  annual  temperature  varies  from  about  52°  F.  in  the  southern  tier 
of  counties  from  Redwillow  eastward,  with  a  maximum  of  53.7°  at  Falls  City,  to 
about  45°  in  the  northwestern  counties,  the  lowest  being  44.4°  at  Harrison. 

Maximum  temperatures  above  100°  F.  have  occurred  throughout  the  State  in 
the  months  of  June,  July,  August,  and  September,  and  temperatures  of  110°  or 
higher  have  been  recorded  over  most  of  the  State  except  in  parts  of  the  northwest. 
Minimum  temperatures  of  zero  or  below  occur  on  an  average  about  10  days  a  year 
in  the  southeast  and  25  days  in  the  northwest.  Minima  of  —40°  to  —45°  have 
been  recorded  a  few  times  at  northern  and  western  stations. 

The  average  date  of  the  last  killing  frost  in  spring  ranges  from  about  April  25 
in  the  extreme  southeastern  counties  to  about  May  21  in  a  small  area  in  the  north- 
west, while  the  first  in  fall  varies  from  about  October  6  in  the  southeast  to  about 
September  20  in  the  extreme  northwest.  The  average  length  of  the  growing 
season  thus  ranges  from  164  days  in  the  southeast  to  122  in  the  northwest.  There 
is  much  variability  in  the  length  of  the  season  from  year  to  year.  Stations  in  the 
southeast  show  a  difference  of  about  50  days  between  the  shortest  and  the  longest 
growing  season,  while  the  difference  is  as  much  as  100  days  at  places  in  north- 
central  Nebraska. 

The  average  annual  precipitation  in  the  eastern  third  of  the  State  is  27.69 
inches;  in  the  central  third,  22.32;  and  in  the  western  third  17.93.  The  amount 
decreases  rather  uniformly  from  34  inches  in  the  extreme  southeast  to  16  in  a  small 
area  on  the  western  border.  On  an  average,  77  percent  of  the  yearly  total  falls 
in  the  6  months  from  April  to  September,  and  45  in  the  3  months  of  May,  June, 
and  July.  The  seasonal  distribution  is,  therefore,  agriculturally  very  favorable. 
The  average  seasonal  snowfall  is  28.7  inches. 

A  large  part  of  the  summer  rainfall  results  from  thunderstorms  occurring  in 
warm  moist  air  of  the  southern  sectors  of  cyclones.  The  falls  are  frequently  at 
excessive  rates  for  short  periods  and  are  agriculturally  unfavorable.  In  some 
seasons  these  storms  are  numerous  and  well  distributed,  but  sometimes  they  are 
scattered  and  infrequent.  The  result  is  great  variability  in  the  monthly  amounts 
of  rainfall  in  different  years  and  also  in  the  annual  amounts  from  year  to  year. 
In  dry  years,  periods  of  15  to  20  days  without  appreciable  rain  may  occur  in 
June,  July,  and  August;  and  under  such  conditions  hot,  dry  winds  often  cause 
serious  and  extensive  damage  to  crops. 

The  precipitation  records  show  successions  of  wet  and  dry  epochs  as  follows: 
1876-92.   Wet  period  with  one  very  dry  year. 
1893-1901.   Dry  period  with  one  rather  wet  year. 
1902-09.   Wet  period  with  one  rather  dry  year. 
1910-20.  Tendency  irregular;  most  years  dry,  but  1915  wettest  year 

of  record. 
1921-39.  Long  drv  period  with  only  one  wet  vear;  especiallv  dry 
after  1930. 

From  April  to  October  the  mean  relative  humidity  is  about  60  percent;  for  the 
rest  of  the  year,  about  70.  During  periods  of  high  temperatures,  the  relative 
humidity  is  usually  very  low. 

Sunshine  for  the  year  averages  63  percent  of  the  possible  amount,  ranging  from 
about  55  in  December  and  January  to  over  70  in  July  and  August. 

There  are  frequent  changes  in  the  direction  of  the  wind  at  all  seasons  of  the 
year,  but  the  prevailing  direction  is  from  the  south  or  southeast  from  May  to 
September  and  from  the  northwest  during  the  rest  of  the  year.  The  average 
velocity  is  about  10  miles  an  hour. 

High  winds  strong  enough  to  damage  trees  but  not  buildings  occur  occasionally 
in  connection  with  summer  thunderstorms  but  rarely  with  winter  storms.  Several 
tornadoes  occur  within  the  State  nearly  every  year,  most  frequently  in  spring, 
but  the  area  covered  by  such  storms  is  extremely  small.  Hail  sufficiently  heavy 
to  damage  crops  also  occurs  over  limited  areas,  averaging  about  20  storms  a  year, 
90  percent  of  which  occur  from  June  to  August.  The  total  damage  from  hail  is 
considerably  greater  than  that  from  tornadoes. 

Thomas  A.  Blair,  Senior  Meteorologist  and 
Climatic  Section  Director  for  Nebraska, 
Weather  Bureau,  Lincoln. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  NEVADA 

The  surface  of  Nevada  is  primarily  a  plateau.  The  eastern  part  has  an  eleva- 
tion of  between  5,000  and  6,000  feet;  the  western  between  3,800  and  5,000  feet, 
the  lower  limit  being  in  the  vicinity  of  Pyramid  Lake  and  Carson  Sink;  and  the 
southern  part  between  2,000  and  3,000  feet.  From  the  lower  elevations  in  the 
west  there  is  a  fairly  rapid  rise  to  the  summits  of  the  eastern  ranges  of  the  Sierra 
Nevada.  The  southwestern  part  falls  off  toward  Death  Valley,  Calif.,  and  the 
southern  toward  the  channel  of  the  Colorado  River,  the  elevation  of  which  is  less 
than  1,000  feet.  The  extreme  northeastern  part  drains  northerly  into  the  Snake 
River  and  thence  into  the  Columbia. 

On  this  plateau  there  are  many  mountain  ranges,  most  of  them  50  to  100  miles 
long  and  running  north  and  south.  There  is  one  east-west  range  in  the  northeast 
within  the  southern  limit  of  the  Columbia  River  drainage.  With  the  except  ion 
of  this  small  part  and  another  limited  area  in  the  southeast,  which  drains  into 
the  Colorado  River,  Nevada  lies  within  the  confines  of  the  Great  Basin,  and  the 
waters  of  its  streams  disappear  into  sinks,  from  which  they  evaporate,  or  flow  into 
lakes  without  outlets. 

Nevada  lies  just  east  and  to  the  leeward  of  the  Sierra  Nevada  range,  an  effective 
barrier  to  precipitation  from  the  generally  eastward-drifting  air,  which  loses  most 
of  its  moisture  in  ascending  the  western  slopes  of  the  mountains.  One  of  the 
greatest  contrasts  in  precipitation  within  a  short  distance  found  in  the  United 
States  occurs  between  the  western,  or  California,  -lope-  of  the  Sierras  and  their 
eastern  slopes  and  the  contiguous  lowlands  of  western  Nevada.  In  ascending  the 
slope,  the  air  loses  most  of  its  moisture  through  condensation  and  precipi- 
tation, and  descending  the  eastern  slope  it  i<  warmed  by  compression,  so  that 
very  little  precipitation  occurs.  This  rain  barrier  is  felt  not  only  in  the  extreme 
western  part  but  generally  throughout  the  State,  with  the  result  that  the  Lowlands 
of  Nevada  arc;  largely  desert  or  semidesert. 

With  its  varied  and  rugged  topography  it-  mountain  ranges,  narrow  valleys, 
and  low,  sage-covered  deserts,  ranging  in  elevation  from  about  1,500  to  more 
than  10,000  feet  Nevada  presents  wide  local  variation-  of  temperature  and  rain- 
fall. The  mo-t  -trikin^  climatic  features  air  bright  sunshine,  -mall  annual 
rainfall  in  the  valleys  and  deserts,  heavy  -now fall  in  the  higher  mountain-,  drj  Dees 
and  purity  of  air,  and  phenomenally  lar^e  daily   ranges  of  temperature. 
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As  in  all  desert  or  semiarid  regions,  heavy  downpours  of  rain  occur  occasionally 
in  small  areas.  These  storms,  locally  termed  cloudbursts,  may  bring  to  a  locality 
as  much  rain  in  a  few  hours  as  would  normally  fall  in  several  months. 

Because  of  the  arid  climate,  only  about  6  percent  of  the  land  in  Nevada  is  under 
cultivation.  The  cultivated  area  lies  mostly  in  the  valleys  of  the  Walker,  Carson, 
and  Truckee  Rivers,  where  irrigation  is  maintained  by  impounding  the  waters 
from  melting  snows  in  the  Sierra  Nevada;  in  the  vicinity  of  Lovelock  in  the  lower 
Humboldt  River  Valley;  and  in  the  valleys  of  the  Muddy  and  Virgin  Rivers  in 
the  southeastern  part  of  the  State.  A  small  additional  area  in  pastures  and  wild 
hay  is  watered  by  flooding  when  snows  melt  in  the  spring. 

The  mean  annual  temperatures  vary  from  44°  F.  at  San  Jacinto,  in  the  north- 
eastern part,  through  50°  at  Reno  in  the  west,  to  65°  at  Logandale  in  the  south. 

In  the  northeastern  part  summers  are  short  and  hot  and  winters  long  and  cold.  In 
the  west,  also,  the  summers  are  short  and  hot,  but  the  winters  are  only  moderately 
cold,  while  in  the  south  the  summers  are  long  and  hot  and  the  winters  short  and  mild. 

Because  of  the  high  altitude  and  the  extreme  dryness  and  clearness  of  the  air, 
there  is  rapid  nocturnal  radiation  of  heat,  resulting  in  wide  daily  ranges  in  tem- 
perature. Even  after  the  hottest  days,  the  nights  are  cool;  at  Reno  the  average 
range  between  the  highest  and  the  lowest  daily  temperatures  is  22°  F.  in  January, 
increasing  month  by  month  to  35°  in  July.  At  Winnemucca  it  is  25°  in  January 
and  38°  in  July,  and  at  Logandale  25°  in  January  and  37°  in  July.  In  extreme 
instances  the  daily  range  may  become  as  great  as  50°  to  60°. 

Over  most  of  the  State,  frosts  continue  till  late  in  spring  and  begin  early  in 
autumn.  The  shortest  growing  season  is  in  the  extreme  northeast  and  the  longest 
in  the  extreme  south,  the  range  being  from  less  than  100  days  at  several  stations 
in  the  northeast  to  140  in  the  west  and  to  over  225  in  the  extreme  south. 

Nevada  has,  on  an  average,  less  precipitation  than  any  other?  State  and  most 
of  that  occurs  during  the  winter  season,  with  the  summer  falls  very  light.  Pre- 
cipitation is  lightest  over  the  lower  parts  of  the  western  plateau,  a  series  of  long 
valleys  extending  from  the  State  border  opposite  Death  Valley  in  California 
northward  to  the  Idaho  line.  Over  these  valleys  the  average  annual  precipitation 
is  less  than  5  inches,  the  lowest  being  3.07  inches  at  Clay  City,  Nye  County,  on 
the  southwestern  border.  From  this  low  average  it  ranges  through  15  inches  in 
Lamoille  Canyon  in  the  northeastern  part  on  the  westerly  side  of  the  Ruby  Moun- 
tains and  25  at  Lewers  Ranch  in  the  foothills  of  the  Sierra  Nevada  up  to  27  inches 
at  Marlette  Lake,  high  up  in  the  most  easterly  range  of  the  Sierras.  Variations 
in  precipitation  are  due  mainly  to  differences  in  elevation  and  exposure  to  rain- 
bearing  winds. 

The  average  annual  number  of  days  with  0.01  inch  or  more  of  precipitation 
varies  from  14  at  Clay  City  to  68  at  Winnemucca. 

Snowfall  is  usually  heavy  in  the  mountains,  but  when  it  is  light,  as  sometimes 
happens,  the  result  is  a  shortage  of  water  for  irrigation.  Long  dry  spells  in  sum- 
mer are  injurious  to  ranges  and  pastures  but  of  little  moment  to  irrigated  crops, 
which  depend  almost  entirely  on  stored  waters. 

Humidity  is  normally  low,  and  the  dryness  of  the  air  makes  both  the  heat  of 
summer  and  the  cold  of  winter  less  disagreeable. 

Nevada  has  a  generous  supply  of  sunshine,  the  average  percentage  of  the  possi- 
ble amount  at  Reno  and  Winnemucca  being  74.  On  an  average  there  are  only  7 
days  a  year  at  Reno  with  less  than  1  percent  of  sunshine.  For  the  State  the 
average  annual  number  of  clear  days  is  193,  partly  cloudy  87,  and  cloudy  85. 

The  low  humidity  and  ample  sunshine  produce  rapid  evaporation.  At  Clay 
City,  on  the  southwestern  border,  the  average  annual  evaporation  from  a  free 
water  surface  is  141  inches.  A  short  record,  for  about  15  years,  shows  an  annual 
average  precipitation  at  Clay  City  of  only  3.07  inches.  Near  Lamoille,  in  the 
northeastern  part,  for  the  6  warm  months  during  which  measurement  is  possible 
the  average  evaporation  is  40  inches. 

Winds  are  generally  light.  Storms  with  high  winds  rarely  occur  and  more 
rarely  still  cause  appreciable  damage.  The  prevailing  wind  direction  is  west, 
though  at  a  few  stations,  because  of  local  topography,  it  is  south  or  southwest. 

Thunderstorms  are  infrequent,  the  average  annual  number  being  14  at  Reno 
and  10  at  Winnemucca.  Over  the  southern  and  eastern  sections  thunderstorms 
develop  occasionally  into  heavy  local  downpours  of  rain.  These  storms  usually 
occur  over  sparsely  settled  mountain  canyons  and  therefore  are  seldom  destructive. 

George  V.  Sager,  Associate  Meteorologist 
and  Climatic  Section  Director  for  Nevada, 
Weather  Bureau,  Reno. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  NEW   ENGLAND 

The  drainage  systems  of  New  England  are  dominated  03-  the  moderately  high 
elevations  of  the  northern  parts,  notably  the  White  Mountains,  where  rise  the 
Merrimac  River  and  the  rivers  of  western  Maine.  To  the  eastward  and  north- 
eastward of  this  mountain  group  a  vast  forested  and  lake-studded  upland  extends 
for  200  miles.  Here  rise  the  Kennebec  and  the  Penobscot.  Still  farther  east  are 
the  high  plains  of  Aroostook,  where  the  favorable  climate  and  loose,  open,  easily 
cultivated  soil  are  peculiarly  well  suited  to  potato  production. 

West  of  the  White  Mountains  is  the  valley  of  the  Connecticut  River,  which 
rises  in  extreme  northern  New  Hampshire  and  drains  parts  of  four  States — New 
Hampshire,  Vermont,  Massachusetts,  and  Connecticut.  The  valley  embraces 
approximately  11,000  square  miles.  The  Connecticut,  like  most  New  England 
rivers,  in  their  upper  valleys  at  least,  is  divided  into  long,  smooth  reaches  and 
short  rapids,  or  falls,  favorable  for  power  development.  The  best  grass  and 
tillage  lands  lie  along  the  terraced  slopes  of  the  Connecticut  River. 

From  the  White  Mountains  southward  to  the  Monadnock  section  of  south- 
western New  Hampshire  are  scores  of  wooded  peaks  of  lesser  height-  covering  a 
smaller  area.  Farther  west,  the  Green  Mountains  form  a  rugged,  forested  high- 
land 10  to  20  miles  wide,  extending  southward  to  the  ranges  of  western  Massa- 
chusetts and  Connecticut.  The  uplands  of  western  Connecticut  descend  gently 
to  Long  Island  Sound,  which  separates  the  region  from  the  moraines  of  Long 
Island.  Sands  and  clays  from  melting  glaciers  fill  the  heads  of  many  bays,  forming 
plains  and  tidal  estuaries.  The  moraine  reappears  farther  easl  in  the  hills  from 
Woods  Hole  to  Plymouth;  and  still  farther  east,  the  terminal  moraine  and  glacial 
wash  form  Cape  Cod. 

The  glacial  depressions  west  of  Plymouth  are  unsurpassed  for  production  of 
cranberries,  which  thrive  in  the  rich,  black,  peaty  soil.  In  the  Boston  basin, 
along  the  lower  Merrimac  Valley,  and  from  the  vicinity  of  Worcester  northward 
into  New  Hampshire  and  southward  into  Connecticut,  the  terrain  is  diversified 
by  numerous  drumlins;  in  Boston  Bay  these  appear  as  islands,  and  the  barrier 
beaches  formed  by  their  dissolution  are  used  as  shore  resorts. 

In  this  region  of  abundant  rainfall  the  rivers  flow  freely  at  all  sea-ons. 

Xew  England,  lying  in  middle  latitudes,  comes  within  the  influence  <>f  constant 
conflicts  between  cold,  dry  air  masses  flowing  out  of  the  great  subpolar  region  to 
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the  northwest  and  the  warmer,  moisture-bearing,  tropical  marine  air  from  the 
south.  The  tendency  of  most  of  the  general  cyclonic  disturbances  to  skirt  the 
polar  front  brings  their  paths  of  movement  through  this  region  and  results  in  a 
more  or  less  regular  succession  of  biweekly  storms  of  snow  or  rain,  with  intervening 
2-  or  3-day  periods  of  fair  weather,  typically  with  warm  west  to  southwest  winds 
in  summer  and  cold  northwesterly  winds  in  winter. 

Topography  and  configuration  of  the  coast  present  varied  influences  within 
the  moving  air  masses.  Thus  in  winter  there  is  little  permanent  snow  cover  in 
the  lowlands  near  the  southern  coast,  whereas  the  mountains  and  the  forested 
uplands  to  the  north  are  buried  deep  all  winter  long. 

The  most  active  precipitation-producing  storms  are  those  in  which  the  moist 
southeast  or  east  winds  flow  over  the  uplands  and  the  air  mass  is  forced  aloft  over 
cold  resident  air  to  condensation  levels.  In  winter  the  great  snowstorms  occur 
usually  with  northeasters;  as  a  wedge  of  cold  dry  air  displaces  the  moist  air, 
they  are  followed  by  the  prevailing  northwesterly  winds,  accompanied  by  clearing 
sky  and  with  temperature  often  falling  below  zero  in  the  north.  The  easterly 
winds  of  spring  and  early  summer,  however,  may  be  of  shallow  depth  and  limited 
trajectory,  serving  mainly  to  convert  a  hot  day  into  one  of  refreshing  coolness 
along  the  coast  and  often  penetrating  only  a  few  miles  inland.  Land-sea  breezes, 
induced  by  an  unbalanced  thermal  gradient,  may  be  strictly  confined  to  the  shore. 

Winter  becomes  increasingly  and  rapidly  more  severe  from  the  southern  and 
eastern  coastal  areas  to  the  northern  interior,  but  in  midsummer  the  heat  may  be 
more  oppressive  and  temperature  readings  higher  in  some  of  these  same  inland 
sections.  In  fact,  average  maximum  temperatures  are  as  high  (near  80°  F.)  in 
interior  Maine,  even  far  to  the  north,  as  in  central  Massachusetts  and  Connecticut. 
Cool,  pleasant  nights  are  more  common,  however,  in  the  northern  highlands. 
Annual  mean  temperatures,  therefore,  have  little  significance. 

An  expression  of  the  interior  winter  severity  is  afforded  by  the  records,  which 
show  that  some  extreme  northern  stations  have  60  or  more  days  with  subzero 
readings,  while  such  temperatures  are  rare  or  never  occur  near  the  south  coast. 
The  average  annual  number  of  days  with  maxima  of  over  90°  is  greatest  (nearly 
14)  in  interior  Massachusetts,  but  there  have  been  a  few  instances  of  maximum 
readings  of  near  or  slightly  over  100°  as  far  north  as  Berlin,  N.  H.  The  coolest 
weather  in  summer  is  found  on  the  extreme  eastern  Maine  coast. 

The  last  killing  frosts  in  spring  occur  usually  between  May  3  and  15  in  eastern 
Maine  and  a  few  days  later  in  central  New  Hampshire  and  Vermont.  In  the 
cultivated  parts  of  extreme  northern  Maine,  New  Hampshire,  and  Vermont, 
killing  frosts  may  occur  as  late  as  the  first  10  days  in  June.  In  interior  Massa- 
chusetts and  Connecticut,  destructive  frosts  may  come  as  late  as  May  10,  a  little 
earlier  in  the  Connecticut  Valley,  and  15  to  20  days  earlier  along  the  South  Shore; 
on  the  immediate  coast,  frosts  are  seldom  recorded  later  than  the  end  of  April. 

The  first  killing  frosts  in  the  fall  normally  range  from  sometime  during  the  first 
half  of  September  in  the  north  to  1  or  2  weeks  later  in  the  central  part  and  late 
October  near  the  southern  coast.  In  individual  years  the  first  occurrence  of  frost 
may  vary  3  to  4  weeks  from  the  average  dates. 

Thus  the  average  length  of  the  growing  season  ranges  from  100  to  125  days  on 
northern  upland  farms,  through  about  150  in  central  areas,  to  as  many  as  175  to 
200  days  near  the  coastal  borders  of  Massachusetts,  Connecticut,  and  Rhode 
Island.  However,  in  special  exposures,  such  as  the  cranberry  bogs  and  lowland 
flat  valleys  with  excessive  nocturnal  radiation,  they  occur  later  in  spring  and 
earlier  in  fall  than  the  latitude  and  geographic  position  would  indicate. 

New  England  may  be  considered  fortunate  in  that  precipitation  is  rather 
evenly  distributed  throughout  the  12  months  in  all  six  States.  The  lowest  annual 
averages  are  less  than  32  inches  in  the  Champlain  Valley  and  in  northern  Maine, 
while  they  exceed  45  in  the  area  from  the  southern  Connecticut-New  York  line 
eastward  beyond  New  Haven  and  in  some  of  the  higher  regions  where  mountain 
slopes  receive  the  rain-bearing  winds.  The  seasonal  variation  is  not  marked, 
except  in  the  north  and  in  mountain  sections,  where  the  winter  average  is  generally 
less  than  half  that  of  summer.  The  variations  from  month  to  month,  however, 
may  be  extreme;  there  have  been  instances  in  all  States  of  months  with  no  meas- 
urable rainfall,  while  other  months,  in  contrast,  have  had  more  than  15  inches. 

Precipitation  occurs  on  an  average  about  1  day  in  3,  but  it  is  somewhat  more 
frequent  than  this  on  the  high  terrain,  and  in  extreme  northern  New  Hampshire 
nearly  half  the  days  of  the  year  have  a  measurable  amount.  Within  a  single  24- 
hour  period  on  rare  occasions  there  have  been  amounts  exceeding  6  inches  and 
in  a  few  instances  over  8  inches  in  southern  Connecticut  and  southern  Vermont. 
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Severe  droughts  over  large  areas  are  uncommon,  but  local  shortages  of  rainfall 
sometimes  occasion  inconvenience  by  lowering  ground-water  supplies. 

The  average  seasonal  snowfall  decreases  rapidly  from  north  to  south  and  from 
west  to  east.  In  the  south  normally  26  to  40  inches  may  be  expected,  but  there 
may  be  four  times  that  much  near  the  northern  boundary.  This  winter  storage 
is  a  factor  of  prime  importance  when  rapid  spring  thaws  occur,  especially  if 
accompanied  by  heavy  rains. 

Severe  coastal  disturbances  occur  when  deep  low-pressure  areas  pass  over  or 
near  the  southern  part  of  New  England.  Occasionally  in  early  fall  a  storm  of 
tropical  origin,  perhaps  a  hurricane,  may  reach  the  coast  with  its  intensity  main- 
tained because  it  has  passed  over  water  and  not  been  diminished  by  land  friction. 
Such  was  the  historic  meteorological  catastrophe  of  September  21,  1938.  In 
summer,  local  damage  to  crops,  pleasure  craft,  and  summer  tent  colonies  by 
thunderstorms,  line  squalls,  and  hailstorms  is  rather  frequent.  Hail  is  the  dread 
of  the  tobacco  growers  of  the  lower  Connecticut  yalley.  Tornadoes  of  the  western 
type  are  not  unknown,  but  they  are  of  very  rare  occurrence  and  none  have  been 
recorded  near  the  coast.      Waterspouts,  however,  occasionally  develop  offshore. 

The  average  percentage  of  the  possible  amount  of  sunshine  ranges  in  southern 
and  eastern  sections  from  50  to  58,  but  the  highlands  of  New  Hampshire  and 
Vermont  and,  to  a  less  extent,  the  Berkshires,  rise  within  a  cloudy  belt  that 
extends  eastward  from  the  Great  Lakes.  The  percentage  in  these  areas  is  44 
to  50. 

The  prevalence  of  dense  fog  on  the  northeastern  coast,  especially  in  summer, 
is  well  known,  but  its  frequency  diminishes  considerably  toward  Massachusetts 
Bay.  At  Eastport,  Maine,  the  average  annual  number  of  days  with  fog  exceeds 
60,  but  in  interior  northern  parts  there  may  be  less  than  one-fifth  as  many  fogs, 
and  these  are  mostly  the  ground  fogs  of  early  morning. 

Mark  T.  Nesmith,  Associate  Meteorologist  and 
Acting  Climatic  Section  Director  for  New 
England,  Weather  Bureau,  Boston. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  NEW  JERSEY 

New  Jersey,  though  one  of  the  smaller  States,  has  a  varied  topography.  In 
the  northwestern  part  a  section  comprising  about  one-fifth  of  the  area  of  the  State 
is  known  as  the  Highlands  and  Kittatinny  Valley.  This  region  is  traversed  by 
several  low  mountain  ridges  extending  northeasterly  across  the  State  with  valleys 
and  rolling  hills  between.  The  highest  of  these  ranges  is  the  Kittatinny,  which 
rises  from  the  banks  of  the  Delaware  River  at  the  famous  Delaware  Water  Gap. 
To  the  eastward  this  region  is  studded  with  numerous  lakes,  some  of  the  largest 
of  which  are  Lakes  Hopatcong,  Mohawk,  and  Greenwood.  Elevations  up  to 
1,800  feet  above  sea  level  are  found  in  the  Kittatinny  Mountains  near  the  New 
York  State  line. 

South  and  east  of  the  Highlands  is  a  region  of  about  equal  area  known  as  t lu- 
lled Sandstone  Plain,  or  the  Piedmont  of  New  Jersey.  It  is  generally  hilly  in 
its  northwestern  part,  becoming  rolling  and  then  flat  toward  the  south  and  south- 
east. At  its  northeastern  corner  are  the  Palisades,  cliffs  which  rise  abruptly 
from  the  Hudson  River  to  heights  of  200  to  500  feet.  The  seacoast  section 
extends  from  Sandy  Hook  to  Cape  May,  or  about  125  miles.  This  area  is  charac- 
terized by  long  stretches  of  sandy  beaches,  now  occupied  largely  by  summer  re- 
sorts.    Tidewater  marshes  become  numerous  toward  the  south. 

In  the  southern  interior  is  a  region,  known  as  the  Pines,  covered  with  scrubby 
forests  of  pine  and  some  oak.  The  land  is  low  and  some  of  it  is  swampy.  Here 
are  found  the  large  cranberry  bogs  of  New  Jersey.  In  fact,  most  of  the  State 
that  lies  south  of  a  line  connecting  Jersey  City  and  Trenton  is  1<>\\  and  flat  with 
few  elevations  higher  than  100  feet  above  mean  sea  level,  these  being  mainly  in 
Monmouth  Count  v. 

About  30  percent  of  the  area  of  the  State  drains  into  the  Delaware  River  and 
Delaware  Bav,  which  form  the  western  boundary.  The  remainder  drains  into 
the  Atlantic  Ocean  through  the  Passaic,  Hackensack,  and  Raritan  Rivers  in  the 
north  and  a  number  of  small  rivers  and  streams  in  the  south. 

Over  the  southern  interior  the  soil  changes  from  the  predominant  sand  near 
the  coast  to  clav  and  marl  in  the  western  part.  However,  there  is  do  steady  trans- 
formation, the  change  being  effected  mostly  by  alternating  stretches  of  the  different 
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soils  and  combinations  of  them.  In  the  most  productive  sections  in  the  south- 
western part,  the  light  to  medium  sandy  loams  are  predominant.  Immense 
quantities  of  garden  truck  for  commercial  canning,  especially  tomatoes,  are  grown 
in  Cumberland,  Salem,  Gloucester,  Camden,  and  western  Burlington  Counties. 

The  extreme  length  of  the  State  is  166  miles  and  its  greatest  width  only  about 
65.  The  difference  in  climate  is  quite  marked  between  the  southern  tip  at  Cape 
May  and  the  northern  extremity  in  the  Kittatinny  Mountains.  The  former 
locality  is  almost  surrounded  by  water  and  is  fairly  well  removed  from  the  influence 
of  the  frequent  storms  that  cross  the  Lakes  region  and  move  out  the  St.  Lawrence 
Valley.  The  northern  extremity  is  well  within  the  zone  of  influence  of  these 
storms  and,  in  addition,  lies  at  elevations  varying  from  800  to  1,800  feet.  The 
influence  of  these  high  elevations  on  the  temperature  is  considerable.  The 
differences  between  these  two  localities  are  particularly  marked  in  the  winter, 
Cape  May  having  a  normal  January  temperature  about  the  same  as  that  of  south- 
western Virginia,  while  that  of  Lay  ton,  the  most  northern  station,  is  equal  to  that 
of  the  northern  border  of  Ohio.  Since  the  prevailing  winds  are  mostly  offshore, 
the  ocean  influence  does  not  have  full  effect. 

Temperature  differences  between  the  northern  and  southern  parts  of  the  State 
are  greatest  in  winter  and  least  in  summer.  Nearly  every  station  has  registered 
readings  of  100°  F.  or  higherat  some  time,  and  all  of  them  have  records  of  zero. 

In  the  northern  highland  area,  the  average  date  of  last  killing  frost  in  spring  is 
about  May  4  and  that  of  the  first  in  fall,  October  6,  giving  an  average  growing 
season  of  155  days.  On  the  seacoast  these  dates  are  April  13  and  November  2, 
with  a  growing  season  of  203  days.  In  the  central  and  southern  interior  the 
growing  season  averages  178  days,  from  April  23  to  October  18,  which  corre- 
sponds exactly  with  the  dates  for  the  State  as  a  whole. 

Though  northern  New  Jersey  is  near  enough  to  the  paths  of  the  storms  which 
cross  the  Lakes  region  and  pass  down  the  St.  Lawrence  Valley  to  be  affected  by 
them,  and  part  of  its  precipitation  is  received  from  that  source,  the  heaviest 
general  rains  are  produced  by  the  so-called  coast  storms  of  tropical  origin.  The 
center  of  these  usually  passes  some  distance  offshore,  with  rainfall  heaviest  and 
wind  strongest  near  the  coast. 

The  average  annual  precipitation  ranges  from  about  40  inches  along  the  south- 
east coast  to  49  in  north-central  parts  of  the  State.  In  other  sections  the  annual 
averages  are  mostW  between  43  and  47  inches.  Rainfall  is  normally  well  dis- 
tributed during  the  warm  months.  Heavy  24-hour  falls  of  7  or  8  inches  are 
occasionally  recorded. 

The  season  during  which  measurable  quantities  of  snow  are  likely  to  fall  extends 
from  about  the  middle  of  October  to  April  20  in  the  Highlands,  and  from  about 
the  middle  of  November  to  March  15  in  the  vicinity  of  Cape  May.  Normal 
seasonal  amounts  range  from  about  14  inches  at  Cape  May  to  nearly  50  in  the 
Highlands.     Falls  of  10  or  12  inches  of  snow  in  a  single  storm  rarely  occur. 

The  number  of  days  a  month  with  0.01  inch  or  more  of  precipitation  averages 
8  for  each  of  the  fall  months,  September,  October,  and  November,  and  9  to  11 
for  the  other  months  of  the  year;  the  average  yearly  number  is  113. 

Normally,  sunshine  varies  from  slightly  over  half  the  possible  amount  in  the 
northern  counties  to  about  60  percent  in  the  south.  The  prevailing  wind  is  from 
the  northwest  from  October  to  April,  inclusive,  and  from  the  southwest  for  the 
other  months  of  the  year. 

Arkas  E.  White,  Associate  Meteorologist  and 
Climatic  Section  Director  for  New  Jersey, 
Weather   Bureau,    Trenton. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  NEW  MEXICO 

New  Mexico  contains  122,634  square  miles,  extending  about  350  miles  from  north 
to  south  and  slightly  less  from  east  to  west.  Its  topography  is  extremely  varied, 
with  elevations  ranging  from  3,000  feet  along  the  southeastern  border  to  about 
14,000  feet  at  the  top  of  the  highest  mountains.  Some  28  percent  of  the  area  of 
the  State,  mostly  in  the  higher  sections,  is  covered  with  timber,  consisting  princi- 
pally of  pine,  cedar,  pinon,  and  juniper.  Only  about  5  percent  of  the  area  is  suit- 
able for  agriculture;  the  land  is  used  largely  for  grazing  purposes. 

The  State  is  drained  by  the  Canadian,  Pecos,  Rio  Grande,  San  Juan,  and  Gila 
Rivers.  The  first  two  have  their  headwaters  in  the  northeast  and  drain  all  of  the 
region  east  of  the  Sangre  de  Cristo,  Jicarilla,  and  Sacramento  Mountains.  Be- 
tween these  mountains  and  the  Continental  Divide,  the  Rio  Grande  flows  in  a 
southwesterly  direction  until  near  the  southern  border,  thence  southeasterly,  serv- 
ing approximately  two-fifths  of  the  State,  an  area  nearly  as  large  as  the  Pecos  and 
Canadian  watersheds  combined.  The  San  Juan  in  the  northwest  and  the  Gila  in 
the  southwest  drain  the  area  west  of  the  Continental  Divde,  with  the  exception 
of  the  San  Augustine  Plains,  which  is  a  large  closed  basin  lying  between  these  two 
watersheds. 

On  the  whole,  the  State  consists  of  high  plateaus  or  mesas,  with  numerous 
mountain  ranges,  canyons,  valleys,  and  normally  dry  arroyos.  Some  of  (he 
valleys  are  large  enough  to  make  agricultural  operations  possible  under  irriga- 
tion, with  several  extensive  projects  operating  in  the  Rio  Grande  and  Pecos 
Valleys,  and  others  now  under  way  in  the  Canadian  River  watershed. 

New  Mexico  is  semiarid,  with  an  average  annual  precipitation  of  about  15 
inches.  However,  it  is  not  unusual  during  the  summer  months  for  heavy  down- 
pours to  occur  in  connection  with  local  thunderstorms.  Some  farming  is  done  in 
east-central  counties  without  the  aid  of  irrigation;  but  for  the  most  part,  all 
agricultural  areas  are  dependent  upon  irrigation  for  the  successful  raising  of  crops. 
The  months  of  greatest  rainfall  are  July  and  August,  during  which  Dearly  one- 
third  of  the  annual  amount  is  received. 

While  the  mean  annual  temperature  is  53°  F.,  variations  in  the  mean  of  as  much 
as  26°  occur  within  the  State,  the  temperature  for  any  given  Locality  depending 
largely  upon  latitude  and  altitude.     The  eastern  section  lias  some  of  the  character- 
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isties  of  the  Great  Plains,  with  large  daily,  monthly,  and  annual  variations  in 
temperature.  The  daily  range  is  wide,  40°  or  more  being  common.  Over  the 
mountain  ranges  these  differences  are  not  so  pronounced,  and  the  temperature  is 
lower  and  more  equable.  The  number  of  hours  of  sunshine  during  the  year  is 
large,  and  the  number  of  days  with  precipitation  small.  The  average  humidity 
is  low    and  this  is  an  important  factor  in  mitigating  the  effect  of  extremes  of 

The  normal  temperatures  for  the  State  vary  greatly  with  elevation,  latitude,  and 
local  topographv,  the  annual  mean  decreasing  from  63°  F.  in  the  lower  Pecos  and 
Rio  Grande  Valleys  to  37°  at  the  higher  stations  in  the  Sangre  de  Cristo  Moun- 
tains and  probablv  to  even  lower  at  the  crest. 

The  probability  of  frost  follows  rather  closely  the  minimum  temperatures  of  a 
district.  During  periods  of  low  wind  velocity,  vast  differences  in  elevation  permit 
drainage  of  cold,  dry  air  from  higher  to  lower  levels,  and  in  sheltered  valleys  and 
the  more  exposed  mesas  this  becomes  an  important  factor  in  causing  variation 
from  the  average  conditions  for  the  region.  Frost  may  be  expected  in  the  low- 
lands of  the  south  until  the  latter  part  of  April,  and  over  the  mountains  until 
May.  The  first  fall  frost  usually  occurs  during  the  latter  part  of  September  in 
the  higher  regions,  and  by  October  10  to  20  it  extends  quite  generally  over  all 
districts  except  the  extreme  southern  lower  valleys,  where  it  is  delayed  till  about 
November  10.  In  the  northern  part  of  the  State,  where  the  growing  season  is 
shortest,  it  is  not  unusual  for  frost  to  occur  during  every  month  of  the  year  in 
some  mountain  sections. 

Over  the  lower  Pecos  and  Rio  Grande  \  alleys  the  average  growing  season 
exceeds  220  davs,  but  the  length  decreases  with  altitude,  reaching  a  minimum  of 
79  days  a  vear 'in  the  higher  regions  on  the  western  slope  of  the  Sangre  de  Cristo. 

Precipitation  varies  from  less  than  10  inches  in  the  Rio  Grande  and  San  Juan 
Valleys  to  over  30  in  the  high  regions  along  the  north-central  border.  More  than 
half  the  State  receives  less  than  15  inches  annually,  the  areas  having  more  than 
this  being  the  northeast,  the  east-southeastern  border,  and  the  mountain  areas 
with  elevations  of  6,000  feet  or  more.  From  May  to  September  precipitation  is 
mostly  in  the  form  of  local  showers,  with  an  occasional  heavy  rain  in  an  area  where 
the  normal  is  comparatively  low;  a  24-hour  fall  of  9.91  inches  is  of  record  near  the 
east-central  border.  The  average  number  of  days  with  precipitation  ranges  from 
nearly  30  in  the  southern  Rio  Grande  Valley  to  over  100  at  the  headwaters  of  the 
Pecos,  with  the  maximum  in  July  and  August.  In  general,  altitude  is  an  im- 
portant factor  in  the  increase  of  precipitation  in  all  except  the  northwestern  part 
of  the  State. 

Snow  falls  in  every  part  of  the  State,  increasing  in  amount  with  altitude  and 
latitude  from  2  to  5  inches  in  the  lower  Rio  Grande  Valley  to  nearly  300  inches 
over  the  crest  of  the  main  ridge  of  the  Sangre  de  Cristo  Mountains. 

The  prevailing  direction  of  the  wind  in  New  Mexico  is  from  the  west  or  south- 
west for  nearly  all  localities,  the  few  variations  from  these  directions  being  caused 
by  local  influences.  The  wind  movement  in  all  except  the  sheltered  districts  is 
fairly  strong,  with  the  extreme  velocities  occasionally  reaching  50  miles  or  more 
an  hour  during  the  early  summer  and  the  spring  months.  During  recent  years 
of  scanty  precipitation  these  high  winds  have  resulted  in  considerable  blowing 
of  the  topsoil,  especially  in  eastern  counties. 

Because  of  the  low  humidity  and  frequent  high  winds  evaporation  is  rapid,  the 
loss  from  a  free  water  surface  amounting  to  more  than  100  inches  annually  in  the 
lower  valleys.  This  loss,  however,  decreases  with  altitude,  and  at  higher  stations 
it  is  40  to  45  inches  for  the  6  warmer  months  of  the  year. 

Erle  L.  Hardy,  Associate  Meteorologist  and 
Climatic  Section  Director  for  New  Mexico, 
Weather  Bureau,  Albuquerque. 
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NEW     YORK 

AVERAGE     JANUARY    TEMPERATURE 
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AVERAGE      JULY     TEMPERATURE 
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NEW     YORK 

AVERAGE    NUMBER    OF    DAYS 
WITHOUT    KILLING    FROST 
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NEW    YORK  24 

AVERAGE    WARM-SEASON    PRECIPITATION  ( INCHES) 
(APRIL  TO  SEPTEMBER,  INCLUSIVE) 
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NEW     YORK 

AVERAGE     ANNUAL    PRECIPITATION    (INCHES) 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR  NEW  YORK 


The  topography  of  New  York  is  mostly  hilly  and  mountainous,  the  main  ex- 
ception being  the  plateau  district  that  parallels  the  southern  shore  of  Lake  On- 
tario and  extends  back  from  the  Lake  a  distance  of  about  30  miles.  At  the  south- 
ern edge  of  this  plateau,  the  average  elevation  of  which  is  about  1,000  feet,  are 
the  northern  shores  of  the  Finger  Lakes,  so  called  from  their  resemblance  in  shape 
to  the  outstretched  fingers  of  the  human  hand.  The  northeastern  part  of  the 
State,  in  the  Lake  Champlain  country,  is  the  most  mountainous,  and  the  highest 
elevations  are  found  there  in  the  Adirondacks.  Numerous  small  lakes  abound, 
most  of  which  are  less  than  10  miles  long.  The  northern  extensions  of  the  Alle- 
gheny and  Appalachian  Mountains  in  the  southern  two-thirds  of  the  State  are 
not  as  high  as  the  Adirondacks. 

The  most  important  of  the  Finger  Lakes  are  Canandaigua,  Cayuga,  Keuka, 
Oneida,  and  Seneca.  Lakes  Erie  and  Ontario,  as  well  as  the  various  mountain 
ranges,  have  a  marked  influence  on  the  climate,  especially  during  the  frost  season, 
in  the  fruit  belts  in  this  section. 

There  is  a  rather  wide  variation  in  the  elevations  of  the  different  stations  from 
which  climatic  records  have  been  obtained;  they  range  from  sea  level  on  Long 
Island  to  about  2,000  feet  at  about  10  percent  of  the  stations.  The  average  for  all 
stations  is  870  feet,  with  approximately  one-third  below  the  500-foot  level  and 
another  third  above  1,300  feet. 

Many  rivers  serve  to  carry  off  the  surplus  waters  to  the  Atlantic  and  the  Gulf 
of  Mexico,  chiefly  the  St.  Lawrence,  Hudson,  Mohawk,  Chemung,  Genesee, 
Susquehanna,  and  Allegheny.  The  drainage  of  the  northern  and  northwestern 
parts  of  the  State  is  into  Lakes  Erie  and  Ontario  and  the  St.  Lawrence  River;  «>f 
the  southeastern  and  southern  into  the  Atlantic  Ocean;  and  of  parts  of  the  south- 
west into  the  Gulf  of  Mexico,  through  the  Ohio  and  Mississippi  Rivers. 

Nearly  all  of  the  atmospheric  disturbances  which  move  easterly  across  the 
Great  Lakes  either  cross  New  York  or  their  centers  pass  closely  enough  to  the 
north  to  affect  the  weather  of  the  State.  The  influence  of  coastal  storms  i>  felt 
on  Long  Island  and  in  the  lower  Hudson  Valley  section,  while  the  cold  air  massefl 
from  the  Hudson  Bay  country  have  a  relatively  short  distance  to  go  to  reach  the 
northern  part  of  the  State.  The  general  results  of  these  condition-,  combined  w  ith 
the  varied  climatic  controls  before  mentioned,  are  a  rigorous  winter  climate  with 
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abundant  snowfall  and  a  moderately  warm  summer,  usually  with  reliable  amounts 
of  rainfall  for  agricultural  purposes.  The  winters  are  generally  long  and  cloudy, 
sunshine  being  especially  deficient  in  November,  December,  and  January. 

The  State  cannot  well  be  treated  as  a  climatic  whole.  It  may  be  said,  however, 
that  the  climate  of  the  western  and  extreme  southern  sections  is  relatively  mild, 
owing  to  the  tempering  influence  of  the  lower  Lakes  and  the  Atlantic  Ocean  and 
to  the  lower  latitude,  and  that  that  of  the  northern  part  is  more  severe,  with 
short  summers  and  long  winters,  owing  to  its  continental  character  and  the  more 
northern  location.  Chazy,  the  most  northern  station,  is  300  miles  north  of  Xew 
York  City,  which  is  the  extreme  southern  point.  Geographically  there  is  a  wide 
range  in  annual  mean  normal  temperatures,  from  39.6°  F.  at  Lake  Placid  to  52.3° 
at  New  York  City. 

As  would  be  expected  from  the  varied  topography,  the  ranges  in  latitude  and 
altitude,  and  the  influence  of  the  various  bodies  of  water,  the  dates  of  frost  occur- 
rence show  wide  divergence.  The  shortest  growing  season  is  naturally  found  in 
the  more  extreme  north-central  parts  of  the  State,  particularly  in  Hamilton, 
Essex,  and  Franklin  Counties,  where  its  duration  ranges  mostly  between  85  and 
105  days.  All  stations  on  whose  records  these  data  are  based  were  located  at 
elevations  of  1,500  feet  or  more.  However,  small  lakes  abound  in  Hamilton  and 
southern  Franklin  Counties,  and  locally  there  are  exceptions  to  these  general 
figures.  As  would  be  expected,  Long  Island  has  the  longest  growing  season;  the 
average  length  there  is  close  to  200  days,  with  all  stations,  of  course,  near  sea 
level.  The  next  longest  season  is  found  in  the  fruit-growing  sections  along  the 
southern  shores  of  Lakes  Erie  and  Ontario,  where  the  average  is  about  180  days. 

The  areas  of  greatest  average  annual  rainfall  are  east  of  Lakes  Ontario  and 
Erie  and  in  the  Long  Island  and  lower  Hudson  Valley  sections,  especially  during 
the  first  half  of  the  growing  season;  after  that  the  distribution  of  rain  over  the 
State  tends  to  be  more  even,  and  the  average  amounts  of  precipitation  from 
season  to  season  for  the  State  are  remarkably  uniform. 

Geographically  there  is  a  wide  variation  in  snowfall;  between  two  and  three 
times  as  much  falls  in  the  Adirondacks  as  at  New  York  City. 

The  prevailing  winds  come  from  the  west,  but  there  are  considerable  differences 
due  to  topography.  The  average  annual  number  of  clear  days  is  133,  partly 
cloudy  105,  and  cloudy  127. 

Floods  occur  occasionally  during  the  spring  break-up  and  more  rarely  in  the 
summer  when  certain  meteorological  conditions  cause  excessive  downpours.  On 
account  of  rugged  contours,  many  streams  are  of  a  flash  character  on  such  occa- 
sions, rising  and  subsiding  quickly. 

Although  the  State  is  outside  of  what  is  known  as  the  tornado  belt,  such  storms 
have  occurred  at  rare  intervals. 

Harry  O.  Gerex,  Meteorologist  and  Climatic 
Section  Director  for  New  York,  Weather 
Bureau,  Ithaca. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  NORTH  CAROLINA 

North  Carolina  lies  approximately  between  34°  and  36^4°  north  latitude  and 
75%0  and  84H0  west  longitude.  Its  extreme  length  from  east  to  west  is  503 
miles,  average  breadth  100,  and  extreme  breadth  187.  It  has  an  area  of  52.426 
square   miles,   48,740   of   which  are  land  and  3,686   water. 

The  topography  of  the  State  may  best  be  conceived  as  a  vast  declivity,  sloping 
down  from  the  summits  of  the  Smoky  Mountains,  at  an  altitude  of  nearly  7,000 
feet,  to  sea  level  at  the  Atlantic  Coast.  The  Smoky  Mountains  are  the  highest 
part  of  the  great   Appalachian  chain. 

The  slope  of  the  State  is  made  up  of  three  uide,  extended  "terraces":  (1)  A  high 
mountain  plateau,  distinguished  as  the  western  or  mountain  section;  (2)  a  sub- 
montane plateau,  designated  the  middle  section,  or  Piedmont;  and  (3)  the  At- 
lantic plain,  comprising  the  low  country  or  Coastal  Plain  area,  including  that  part 
from  the  head  of  the  tides  downward  as  a  tidewater  subdivision.  Prom  the  first 
section  to  the  second  there  is  a  sharp  descent,  through  a  few  miles  only,  of  not  less 
than  1,500  feet.  From  the  middle  to  the  low  country  there  is  a  rather  constant 
downward  grade,  with  a  difference  of  only  about  20n  feet.  The  drainage,  i 
in  the  extreme  west,  is  into  the  ocean 

The  climate  of  North  Carolina  varies  greatly  from  the  southeast  corner,  where 
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it  approaches  the  subtropical,  to  the  mountain  region  in  the  west,  where  it  is  a 
modified  continental  type,  except  that  the  summers  are  cooler  and  the  rainfall  is 
greater  than  is  usual  in  the  interior  States.  Some  of  the  mountain  districts  have 
more  rainfall  than  is  found  anywhere  else  in  the  eastern  half  of  the  United  States. 

The  mountain  ranges  form  a  partial  barrier  to  the  cold  waves  that  move  south- 
eastward from  the  interior  of  the  country,  and  these  cold  waves  usually  reach  the 
Piedmont  in  modified  form.  The  average  growing  season  in  the  Piedmont  may  be 
2  months  or  more  longer  than  in  some  of  the  higher  mountain  districts. 

The  climate  in  the  more  eastern  and  southeastern  sections  is  affected  by  the 
modifying  influence  of  the  Atlantic  Ocean  and  to  some  extent  by  the  sounds  and 
smaller  bodies  of  water,  so  that  near  the  coast  the  changes  in  temperature,  both  daily 
and  seasonal,  are  reduced  and  there  is  an  increase  in  the  amount  of  precipitation. 

The  average  annual  temperature  may  vary  as  much  as  20°  F.  in  different  parts 
of  the  State.  Valleys,  cross  chains,  and  sharp  differences  in  elevation  are  largely 
responsible  for  significant  temperature  variations  An  outstanding  characteristic 
in  western  North  Carolina  is  the  thermal  belts,  which  are  probably  more  pro- 
nounced here  than  at  any  other  place  in  the  eastern  United  States.  Frequent 
observations  have  shown  temperature  inversions  of  20°  or  more  along  some 
mountainsides.  In  eastern  North  Carolina  temperature  changes,  both  diurnal 
and  seasonal,  are  relatively  small  because  of  the  modifying  effect  of  the  Atlantic 
Ocean;  parts  of  this  section  extend  somewhat  into  the  Atlantic.  Perhaps  the 
most  interesting  temperature  feature  of  the  extreme  southeast  is  the  relatively 
high  mean  in  the  vicinity  of  Southport — about  64°.  In  this  section  vegetation 
of  semitropical  origin,  such  as  palmetto  and  magnolia,  is  found. 

Temperatures  rarely  go  as  low  as  zero,  except  during  rather  unusual  cold  periods. 
All  stations  in  the  western  part  of  the  State,  however,  have  records  of  below  zero. 
During  a  normal  winter  in  central  districts  the  temperature  drops  to  about  10° 
or  12°  F.,  but  such  low  readings  are  of  infrequent  occurrence,  and  the  cold  periods 
are  usually  of  short  duration.  During  an  average  summer,  maximum  tem- 
peratures reach  100°  or  higher  on  only  2  or  3  days. 

Contrary  to  the  more  or  less  prevailing  impression,  the  nearness  of  the  Gulf 
Stream  has  comparatively  little  effect  on  the  climate  of  eastern  North  Carolina 
because  the  stream  is  separated  from  the  coast  by  50  miles  of  comparatively  cold 
water  and  the  prevailing  wind  is  from  the  southwest. 

Precipitation  received  in  different  sections  of  the  State  varies  widely  in  amount. 
For  instance,  the  extreme  southwestern  part  is  one  of  the  wettest  sections  east  of 
the  Rocky  Mountains;  80  inches,  or  slightly  more,  normally  falls  annually  in 
Madison  County,  along  the  Georgia-South  Carolina  border.  The  driest  part  of 
the  State  is  likewise  in  the  mountain  districts,  in  parts  of  Buncombe  and  Madison 
Counties.  Many  mountain  areas  with  comparatively  low  elevations  have  rela- 
tively little  precipitation.  The  moisture-laden  winds  from  the  south  Atlantic 
and  Gulf  coasts  are  cooled  and  have  their  moisture  condensed  and  largely  exhausted 
in  passing  over  the  mountain  heights;  they  descend  to  less  elevated  or  somewhat 
enclosed  areas,  euch  as  the  French  Broad  Valley,  as  relatively  dry  winds.  Pre- 
cipitation is  comparatively  heavy  along  and  near  the  coast.  A  considerable  part 
of  the  summer  precipitation  results  from  afternoon  thunderstorms. 

Widespread  droughts  are  almost  rarities,  even  though  there  are  occasional  local 
shortages  of  moisture,  particularly  in  the  summer  and  fall. 

Snowfall  is  heaviest  in  the  west  and  diminishes  toward  the  coast.  Most  of  the 
snow  in  the  central  and  eastern  parts  of  the  State  occurs  during  the  passage  of 
storms  up  the  coast  accompanied  by  north  or  northeast  winds. 

The  average  relative  humidity  is  about  71  percent  for  the  State,  generally 
highest  in  winter  and  lowest  in  spring.  Averages  in  the  west  are  somewhat 
lower  than  in  the  east. 

North  Carolina  is  rather  sunny.  The  percentage  of  the  possible  amount  of 
sunshine  varies  from  about  53  in  the  winter  to  about  68  in  the  fall.  The  average 
for  the  year  is  about  61  percent.  The  variation  in  sunshine  is  related  very  closely 
to  the  average  daily  cloudiness,  which  is  highest  in  winter  and  lowest  in  fall. 

The  prevailing  wind  is  from  the  southwest,  but  occasionally  in  winter  the  wind 
is  from  the  northeast.     North  Carolina  is  out  of  the  path  of  cyclonic  storms  but 
does  lie  in  the  path  of  the  occasional  tropical  storms  that  move  up  the  coast  from 
the  vicinity  of  Florida'and  sometimes  are  accompanied  by  heavy  rains  and  dangerous 
winds.     Records  show  few  destructive  tornadoes  within  the  borders  of  the  State. 
Herbert  E.  Kichline,  Associate  Meteorologist  and 
Climatic    Section    Director   for    North    Carolina, 
Weather  Bureau,  Raleigh. 
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AVERAGE     JANUARY    TEMPERATURE 
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66 


Climate  of  North  Dakota     •     1.051 


NORTH    DAKOTA 

AVERAGE   DATES    OF  LAST   KILLING    FROST  IN    SPRING 
MAY  25  MAY  30 


MAY  25 


•MAY  20 


MAY  20        MAY   15  MAY  15  MAY  20    MAY  15      MAY   '0 


NORTH    DAKOTA 

AVERAGE   DATES  OF  FIRST  KILLING   FROST  IN   FALL 


SEPT.  20      SEPT.  10 
SEPT  20     \  SEPT  I5\         SEPT  10 
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NORTH    DAKOTA 

AVERAGE  NUMBER   OF  (JAYS  WITHOUT  KILLING  FROST 

: ;       ; ;      :  -  - 
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NORTH     DAKOTA 

i  ■  I       :  PRECIPITATION  (  INCHES ) 

(APRIL  TO    SEPTEMBER,  INCLl  S    IE 
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NORTH    DAKOTA 

AVERAGE    ANNUAL   PRECIPITATION  ( INCHES) 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR  NORTH  DAKOTA 

Eastern  North  Dakota  is  drained  by  the  James,  Souris,  Pembina,  and  Sheyenne 
Rivers,  while  the  west  is  drained,  with  the  single  exception  of  the  Souris,  by  the 
Missouri  and  its  tributaries — the  Cannon  ball,  Grand,  Heart,  Knife,  and  Little 
Missouri. 

The  eastern  part  of  the  State  is  very  flat,  with  an  elevation  in  the  valley  of  the 
Red  River  of  the  North  of  789  feet  at  Pembina.  To  the  westward  there  is  a 
gradual  rise  of  terrain  until  an  elevation  of  3,468  feet  is  reached  at  Black  Butte  in 
the  Badlands  of  the  southwestern  part  of  the  State. 

Most  of  the  eastern  part  has  fine  agricultural  lands,  the  soil  consisting  of  a 
black  loam  of  varying  depth,  underlaid  with  a  subsoil  of  clay.  The  west  is  gently 
rolling,  with  soil  ranging  from  poor  in  the  Badlands  to  excellent  in  some  other 
sections.  Cereals  are  grown  in  large  quantities,  and  diversified  fanning  is  univer- 
sal. Much  has  been  done  in  recent  years  to  improve  the  dairy  herds  and  the  feed 
crops,  especially  corn.  Poultry  has  become  important  in  all  sections,  with  North 
Dakota  turkeys  at  a  premium. 

The  annual  mean  temperature  for  North  Dakota  ranges  from  about  30°  to 
44°  F.,  with  the  lowest  along  the  northern  border.  Temperatures  above  100°  are 
occasionally  recorded,  and  zero  readings  are  common  in  winter.  The  average 
number  of  days  a  year  when  the  temperature  reaches  *M)°  or  higher  is  1-1,  and  the 
average  number  with  zero  or  lower  is  53. 

The  average  growing  season  has  about  121  days  without  severe  frosts-   more  in 
the  southern  part  and  fewer  in  the  northern.      For  the  State  the  average  ti- 
the last  killing  frost  in  spring  is  May  19,  and  the  first  in  full  September  IS.      Killing 
frosts  have  occurred,  however,  as  Late  as  the  first  part  of  .June  and  as  early  in  the 
fall  as  the  first  few  days  of  September. 

Precipitation  in  the  eastern  third  of  the  State  averages  19.53  inches,  in  the 
middle  third  16.32,  and  in  the  western  third  15.88.  On  an  average,  about  77 
percent  of  the  annual  precipitation  occurs  during  the  crop-growing  season,  April 
to  September,  inclusive,  and  almost  .">()  percent  falls  during  May,  June,  ami  July. 
The  normal  precipitation  for  the  driest  months  November  to  February,  inclus- 
ive^— is  about  half  an  inch  a  month. 
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In  North  Dakota  precipitation  is  considered  the  most  important  climatic  factor. 
Because  the  soil  is  well  supplied  with  all  the  necessary  plant  nutrients,  it  is  of 
prime  importance  that  the  rains  come  principally  during  the  crop  season. 

Most  of  the  rain  in  the  summer  months  occurs  in  storms  accompanied  by  thunder 
and  lightning,  often  with  heavy  falls  for  a  short  time.  The  average  number  of 
thunderstorm  days  is  28,  mostly  in  June,  July,  and  August. 

In  most  years  at  least  some  part  of  the  State  is  visited  by  a  storm  that  brings  a 
rainfall  of  2  or  3  inches  in  24  hours,  and  occasionally  5  or  6  inches  falls  in  1  day. 
On  an  average,  rain  falls  about  1  day  in  4  during  the  3  months  May,  June,  and 
July.  The  annual  number  of  days  with  0.01  inch  or  more  averages  66,  ranging 
from  about  50  to  90,  with  the  least  number  in  the  northwest. 

The  first  light  snow  in  autumn  occasionally  falls  in  September,  but  usually  very 
little  occurs  until  after  October.  The  average  number  of  days  with  0. 1  inch  or  more 
of  snow  is  23. 

In  recent  years  droughts  have  been  severe.  Much  of  the  North  Dakota  soil, 
however,  is  capable  of  yielding  surprisingly  well  on  little  moisture,  provided 
moisture  is  present  when  it  is  most  needed. 

The  prevailing  direction  of  the  wind  in  all  months  of  the  year  is  from  the  north- 
west, unless  it  is  influenced  by  local  conditions.  More  southerly  winds  are  observed 
during  the  summer  than  during  the  winter.  The  average  annual  wind  velocity  is 
about  10  miles  an  hour.  The  highest  velocities  are  in  spring  and  the  lowest  in  late 
summer.  High  winds  frequently  accompany  severe  thunderstorms.  Tornadoes 
are  of  rare  occurrence,  although  they  are  not  entirely  unknown  in  the  southern 
and  central  parts  of  the  State. 

The  average  relative  humidity  is  about  68  percent,  slightly  higher  in  the  east 
than  in  the  west.  Humidity  is  frequently  low  during  the  afternoon  in  summer, 
sometimes  below  20  percent.  Dense  fogs  are  experienced,  on  an  average,  on  only 
8  days  of  the  year. 

The  average  annual  number  of  clear  days  is  161,  partly  cloudy  101,  and  cloudy 
103.  On  a  clear  day  the  sun  shines  for  more  than  15  hours  from  the  middle  of 
May  to  the  end  of  July.  These  long  hours  of  sunshine  make  it  possible  to  grow 
many  crops  in  what  appears  to  be  a  comparatively  short  growing  season.  The 
yearly  average  amount  of  sunshine  is  59  percent  of  the  possible  amount,  with  74 
percent  in  July  and  72  percent  in  August. 

Frank  J.  Bavendick,  Assistant  Meteorologist 
and  Climatic  Section  Director  for  North 
Dakota,  Weather  Bureau,  Bismarck. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR   OHIO 

Ohio  has  no  great  range  of  elevation.  The  highest  point  in  the  State  is  an 
isolated  summit.  1.550  feet  above  sea  level,  in  the  northwest-central  part,  while 
the  lowest  elevation,  some  430  feet,  is  in  the  southwest  corner,  where  the  Ohio 
River  meets  the  Indiana-Ohio  line. 

The  drainage  is  either  northerly  to  Lake  Erie  or  southerly  to  the  Ohio  River. 
The  divide  between  these  two  drainage  areas  lies  well  to  the  north  of  the  center  of 
the  State,  and  in  the  northeastern  part  it  is  only  20  to  30  miles  from  Lake  Erie. 

The  northwestern  part  of  the  State  is  extremely  flat,  while  the  southeast  is 
rough  and  hilly.  This  difference  is  due  to  the  fact  that  the  southeast  was  not 
glaciated,  while  the  northwest  during  the  glacial  age  was  submerged  by  the  waters 
of  a  lake  with  a  higher  level  than  the  present  Lake  Erie.  Much  of  the  best 
agricultural  land  in  Ohio  is  found  in  this  old  lake  bed  in  the  northwestern  counties, 
while  in  the  unglaciated  counties  of  the  southeastern  section  thousands  of  acres 
are  unsuited  for  agriculture. 

The  streams  of  southwestern  Ohio  furnish  much  valuable  water  power,  a 
denced  by  the  large  number  of  important  manufacturing  center-  located  there. 
This  abundant  water  power  is  due  primarily  to  the  fact  that  the  Miami  River  and 
its  tributaries  connect  the  most  elevated  parts  of  the  State  (Logan  County  with 
the  lowest  parts;  in  other  words,  the  range  in  elevation  is  greater  in  this  b 
than  in  any  other  part  of  the  State.  The  Miami  rises  at  an  elevation  of  more  than 
1,200  feet  in  Logan  County  and  descends  rather  uniformly  to  about  500  feet  at  the 
Ohio  River,  a  fall  of  700  feet  or  more  in  a  distance  of  about  160  mile-. 

Ohio  enjoys  a  climate  characterized  normally  by  abundant  precipitation,  well 
distributed  throughout  the  year;  serious  drought.-  are  of  infrequent  occurrence. 
Summer  temperatures  are  rather  high  but  not  unduly  oppressive,  and  they  arc  a 
factor  in  the  success  of  agriculture  in  the  State.  Winter  temperatures  uMially  are 
not    severe,   and  snowfall   is   moderate    in    most    Becti  storms 

seldom  occur. 

The  average  number  of  days  with  a  measurable  amount  of  precipitation  i-  120. 
During  the  year  there  are  on  an  average  134  clear  day-.  107  days  with  partly  < 
and  124  cloudy  day-. 

Probably  the  greatest  variation-  in  climate  are  those  incident  to  latitude. 
However,  although  there  i.-  no  great  altitude  range  in  the  State,  differei 
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elevation  clearlv  influence  the  distribution  of  precipitation  especially  snowfall), 
temperature,  and  length  of  the  growing  season.  The  influence  of  Lake  Erie  is 
strikingly  shown  in  the  length  of  the  growing  season  at  stations  near  its  shore  and 
is  also  apparent  in  the  comparatively  great  amounts  of  rainfall  and  snowfall  over 
the  northeastern  highlands. 

Ohio  has  no  geographic  divisions  that  exhibit,  as  a  whole,  marked  contra- 
climate,  though  the  part  of  the  State  that  drains  into  Lake  Erie — about  one-third 
of  the  total  area — may  be  considered  a  fairly  distinctive  climatic  province.  The 
remainder  of  the  State,  which  drains  into  the  Ohio  River,  has  appreciably  different 
characteristics.  The  dividing  line  runs  approximately  in  an  east-west  direction 
and  rather  closelv  parallels  the  lake  shore. 

The  southern  drainage  area  may  be  subdivided  into  three  great  watersheds— 
the  Muskingum  in  the  east,  the  Scioto  in  the  central  part,  and  the  Miami  in  the 
southwest.     In   general,    climatic   variations   in   these  re   not   marked, 

though  local  aspects  differ  materially. 

The  mean  annual  temperatures  for  the  State  range  from  55°  F.  in  the  extreme 
southern  part  to  48°  in  the  northeast.  This  variation  is  mainly  due  to  the  dif- 
ference in  latitude,  although  the  annual  isotherms  clearly  show  an  altitude  factor. 
About  1  year  in  S.  on  an  average,  no  station  in  Ohio  records  a  temperature  below 
zero  for  the  month  of  January?  while  in  approximately  1  year  in  3  no  locality  ex- 
periences a  temperature  of  100c  F.  or  higher  in  the  month  of  July.  The  absolute 
temperature  range  is  152°. 

The  last  killing  frost  in  the  spring  occurs,  on  an  average,  about  April  10  in  the 
extreme  southwestern  part  of  Ohio  and  as  late  as  May  10  in  the  northeastern 
highlands.  The  first  fall  frost  is  generally  about  October  5  in  the  northeastern 
and  southeastern  hill  com:  11  as  in  the  extreme  northwest,  while  the  Bass 

Islands  and  a  narrow  strip  along  Lake  Erie  are  normally  frost-free  until  October  30. 

The  average  length  of  the  growing  season  varies  from  200  days  to  less  than  150. 
The  longest  season  without  frost  is  found,  quite  naturally,  on  the  Bass  Islands  in 
Lake  Erie,  which  have  for  many  years  been  noted  for  their  large  acreage  of  pro- 
ductive vineyards.  The  shortest  growing  season  is  found  in  the  elevated  region 
in  the  northeastern  pan  of  the  State,  while  the  hill  sections  in  the  southern 
counties  have  a  season  of  less  than  160  days,  as  does  also  a  considerable  north- 
western area. 

The  average  annual  precipitation  of  the  northern  area  is  about  36  inches,  but 
the  distribution  varies  materially.  The  individual  station  averages  range  from 
about  30  to  40  inches,  with  the  greatest  amount  in  the  more  elevated  districts 
along  or  near  the  divide.  Precipitation  is  quite  evenly  distributed  throughout 
the  year,  with  the  warm  months  having  slightly  greater  amounts  than  the  winter 
months.     Serious  droughts  are  of  infrequent  occurrence. 

The  greatest  average  annual  snowfall,  over  50  inches,  is  in  the  northeastern  hill 
counties,  and  the  least,  less  than  20  inches,  along  the  southern  border. 

Ohio  is  so  situated  as  to  come  under  the  influence  of  many  general  storm  areas, 
and  the  development  of  local  disturbances,  such  as  thunderstorms,  hailstorms, 
windstorms,  ana  heavy  rainstorms,  is  favored.  Now  and  then  such  a  storm  de- 
velops the  true  characteristics  of  the  tornado.  The  heaviest  rains  and  fa  - 
winds  are  usually  incident  to  the  passage  of  thunderstorms,  and  any  given  locality 
may  expect,  on  an  average,  some  40  to  oO  thunderstorms  a  year. 

Flooding  of  the  lowlands  along  the  streams  oi  the  State  occurs  practically  ever\ 

-  character  are  much  less  frequent. 

The  climate  of  Ohio  is  favorable  for  a  diversified  agriculture,  and  few  B1 
have  a  greater  income  from  farm  crops  and  livestock.^    The  principal  crops  are 
winter  wheat,  corn,  oats,  potatoes,  hay.  tobacco,  and  grapes. 

John-  C.   Fisher,  S  teorologist  and 

Cli  Director     for     Ohio, 

Weather  Bureau,   Columbus. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  OKLAHOMA 

Oklahoma,  situated  in  the  southern  part  of  the  Great  Plains,  comprises  an  area 
of  approximately  70,000  square  miles.  The  highest  point  in  the  State,  about  4,500 
feet  above  sea  level,  is  the  Black  Mesa,  in  the  northwestern  corner  of  Cimarron 
County.  From  this  point  the  altitude  decreases  eastward  and  southward  to  a 
minimum  level  of  somewhat  less  than  350  feet  in  the  extreme  southeastern  corner 
of  the  State.  There  are  elevated  regions,  ranging  from  200  to  1,200  feet  higher 
than  the  surrounding  plains,  in  the  Wichita,  Kiamichi,  Ouachita,  and  Arbuckle 
Mountains  and  in  the  extension  of  the  Ozarks.  Considerable  timber  is  found  in 
the  mountain  districts,  especially  in  the  Ouachita  Mountains. 

Most  of  the  State  is  well  watered.  It  is  drained  by  the  Cimarron,  Canadian, 
North  Canadian,  Washita,  Arkansas,  and  Red  Rivers.  The  streams  in  the 
western  and  central  parts  do  not  generally  carry  a  large  volume  of  water,  and  most 
of  them  have  wide  sandy  beds;  during  very  dry  periods,  nearly  all  of  the  water 
sinks  beneath  the  surface  sands.  The  streams  are,  however,  subject  to  sudden 
rises,  occasionally  amounting  to  10  feet  or  more  in  the  course  of  a  few  hours, 
though  such  floods  are  usually  of  short  duration. 

The  soil  of  the  bottom  lands  is  very  fertile  and  extremely  productive,  while 
that  of  the  uplands  compares  favorably  with  other  soils  similarly  located  in  the 
Plains;  the  rougher  sections  of  the  eastern  mountain  areas  cannot  be  successfully 
cultivated,  however. 

Agriculture  is  practically  the  sole  industry  of  the  western  half  of  the  State  and  is 
practiced  extensively  in  other  sections.  Corn,  cotton,  oats,  alfalfa,  grain  sor- 
ghums, and  winter  wheat  are  grown.  Broomcorn  of  exceptionally  fine  quality  is 
produced  in  large  quantities  in  two  widely  separated  areas,  one  in  the  northwestern 
part,  where  the  dwarf  variety  is  grown,  and  the  other,  in  the  Lindsay  area,  slightly 
south  of  the  center  of  the  State,  where  standard  broomcorn  is  produced.  Okla- 
homa normally  grows  about  half  the  Nation's  broomcorn. 

The  climate  of  Oklahoma  is  of  the  continental  type,  with  pronounced  seasonal 
and  geographic  ranges  in  both  temperature  and  precipitation.  The  central  and 
western  parts  of  the  State  are,  in  the  main,  vast  open  plains,  with  considerably 
greater  elevation  than  the  eastern  part  and  somewhat  less  subjected  to  the  warm 
moist  winds  from  the  Gulf  of  Mexico.  Western  sections  of  the  State,  therefore, 
are  cooler  and  drier;  in  the  east  showers  arc  more  frequenl  because  of  the  moister 
atmosphere  and  the  influence  of  the  hilly,  wooded  terrain.      In  late  spring  eastern 
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Oklahoma  and  parts  of  the  adjoining  States  receive,  on  an  average,  more  rainfall 
than  any  other  part  of  the  country  east  of  the  Rocky  Mountains.  In  general, 
the  annual  range  in  temperature  is  marked,  the  mean  for  midsummer  being  about 
45°  F.  higher  than  that  for  midwinter. 

The  annual  precipitation  varies  from  more  than  50  inches  in  the  northeastern 
part  of  McCurtain  County,  in  the  extreme  southeastern  part  of  the  State,  to  only 
slightly  more  than  17  in  Texas  and  Cimarron  Counties,  both  in  the  Panhandle. 
Snowfall  also  varies  greatly,  the  averages  ranging  from  less  than  3  inches  in  the 
extreme  southeastern  section  to  more  than  20  in  the  extreme  western  part  of 
Cimarron  County. 

The  mean  annual  temperatures  range  from  63.8°  F.  at  Idabel,  in  the  extreme 
southeastern  corner  of  the  State,  to  53.6°  at  Boise  City,  in  the  western  part  of  the 
Panhandle.  Temperatures  of  100°  or  higher  may  be  expected  in  Oklahoma  from 
June  to  September,  inclusive,  and  have  been  recorded  as  early  as  March  and  as 
late  as  October,  while  maxima  of  90°  or  higher  are  of  record  in  January,  February, 
and  November.  The  summers  are  long  with  occasional  periods  of  very  high  day 
temperatures. 

High  summer  temperatures  almost  invariably  occur  with  clear  skies  and  are 
usually  attended  by  dry,  moderate  winds  from  south  to  west.  Occasionally,  hot 
winds  accompany  the  high  temperatures  and  cause  rapid  evaporation  of  moisture. 
When  these  conditions  persist  for  considerable  periods,  severe  droughts  often  follow. 

Clear  skies  and  dry  atmosphere  facilitate  rapid  radiation,  and  the  summer 
nights  are  nearly  always  agreeably  cool.  Minimum  temperatures  of  zero  or 
lower  have  been  reported  at  one  or  more  stations  in  all  except  3  of  the  48  winters 
of  record.     In  general  the  winters  are  comparatively  mild  and  of  short  duration. 

While  killing  frosts  or  freezing  temperatures  have  occurred  as  late  as  May  1 
in  all  parts  of  the  State,  they  are  not  to  be  expected  in  the  southern  section  later 
than  the  first  week  in  April,  and  not  later  than  April  15  to  20  in  the  north,  exclusive 
of  the  Panhandle.  In  the  Panhandle  frost  may  be  expected  during  the  last  week 
of  April  and  has  occurred  as  late  as  May  15.  The  average  dates  of  the  first 
killing  frost  in  fall  range  from  about  October  20  in  the  western  part  of  the  Pan- 
handle to  as  late  as  the  second  week  in  November  in  the  extreme  southeast. 

The  average  length  of  the  growing  season  varies  from  180  days  in  the  western 
part  of  Cimarron  County  to  240  days  in  the  extreme  southeast. 

Oklahoma  has  wide  variations  in  precipitation,  and  heavy  to  almost  torrential 
rains  occasionally  occur;  24-hour  falls  of  more  than  10  inches  are  of  record  at  a 
number  of  stations  in  scattered  localities.  On  an  average,  75  percent  of  the  annual 
precipitation  occurs  during  the  growing  season,  March  to  October,  inclusive. 
Rains  are  most  general  and  abundant  during  the  spring  and  early  summer,  while 
in  late  summer  and  early  fall  they  are  more  local  and  often  uncertain  in  the 
western  part  of  the  State.  However,  general  rains  frequently  set  in  again  during 
September  and  October,  thus  conditioning  the  soil  for  the  seeding  and  germina- 
tion of  winter  grains. 

Snowfall  varies  considerably  and  is  of  rather  infrequent  occurrence  in  the  south- 
eastern part  of  the  State.  Snow  has  been  recorded  in  the  Panhandle  in  all  months 
except  July  and  August,  but  other  sections  have  been  free  from  snow  from  May 
to  September,  inclusive,  and  snow  has  seldom  fallen  outside  the  Panhandle 
during  April  and  September. 

Droughts  of  several  weeks'  duration,  or  even  longer,  sometimes  are  destructive 
to  crops.  Duststorms  occur  quite  frequently  in  the  central  and  western  parts 
of  the  State,  being  most  severe  in  the  northwest.  In  the  Panhandle  counties, 
visibility  is  occasionally  reduced  almost  to  zero  by  blowing  dust.  Except  in  the 
Panhandle  and  extreme  northwestern  parts,  damage  from  duststorms  is  gener- 
ally slight. 

The  prevailing  wind  direction  for  the  State  is  southerly,  although  in  December, 
January,  and  February  northerly  winds  predominate.  Winds  are  generally 
light  in  the  southeastern  part  of  the  State  and  relatively  high  in  the  north  and 
west.  The  average  hourly  velocity  at  Oklahoma  City  is  11.4  miles  an  hour, 
while  the  monthly  averages  vary  from  slightlv  more  than  9  miles  an  hour  in 
August  to  nearly  14  miles  in  March  and  April.  The  highest  wind  velocity  for 
a  5-minute  period  at  Oklahoma  City  was  57  miles  an  hour. 

The  average  annual  number  of  clear  days  is  195,  partly  cloudy  90,  and  cloudy  80. 
Sunshine  is  abundant,  averaging  about  66  percent  of  the  possible  amount. 

Harry  F.  Wahlgren,  Meteorologist  and 
Climatic  Section  Director  for  Oklahoma, 
Weather  Bureau,  Oklahoma  City. 
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OREGON 

AVERAGE  JANUARY  TEMPERATURE 


OREGON 

AVERAGE     JULY    TEMPERATURE 
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OREGON 

AVERAGE    DATES    OF    LAST    KILLING    FROST  IN    SPRING 
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OREGON 

AVERAGE    DATES    OF    FIRST    KILLING    FROST    IN   FALL 
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OREGON 

AVERAGE    NUMBER    OF    OAYS   WITHOUT    KILLING    FROST 


240  'rJ&  180  m 

220  200  l8° 


OREGON 

AVERAGE  WARM -SEASON 
PRECIPITATION  (  INCHES  ) 
(APRIL   TO    SEPTEMBER,     INCLUSIVE) 
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OREGON 

AVERAGE    ANNUAL   PRECIPITATION  ( INCHES) 


70        60 


25        30  20 


SUPPLEMENTARY   CLIMATIC  NOTES  FOR  OREGON 

Oregon  lies  mostly  between  latitudes  42°  and  46°  N.  and  extends  from  the 
Pacific  Ocean  inland  for  375  miles.  The  area  is  96,699  square  miles,  including 
more  than  1,000  square  miles  of  water  surface.  The  outstanding  topographic 
feature  is  the  Cascade  Range,  which  extends  north  and  south  with  more  than 
two-thirds  of  the  State  lying  to  the  eastward  of  it.  The  highest  point  i.s  Mount 
Hood,  elevation  11,253  feet.  Near  the  coast,  the  Coast  Range  also  extend- 
north  to  south;  it  is  quite  low  in  the  north  but  higher  toward  the  south.  Severs] 
large  valleys  lie  between  these  ranges,  the  largest  being  the  Willamette.  The 
Blue  Mountains  are  an  irregular  group  of  mountains  covering  much  of  the  north- 
eastern quarter  of  the  State.  There  are  some  deep  canyons  in  this  area.  The 
southeastern  section — a  fourth  or  more  of  the  State — is  largely  a  great  plateau 
but  has  sharp  relief  in  places. 

Westerly  winds  predominate,  carrying  the  modifying  effect  of  the  ocean  over 
the  western  part  of  the  State,  and  to  a  less  extent  to  the  eastern  part-. 

Disregarding  the  highest  mountain  areas,  for  which  no  records  are  available, 
the  mean  annual  temperature  ranges  from  about  56°  F.  in  the  lower  Snake  River 
Canyon,  in  the  extreme  northeast,  to  about  38°  in  the  Cascade  Mountains. 
Normal  minimum  temperatures  for  January  range  from  about  12°  to  40°.  The 
greatest  extreme-  of  cold  are  over  the  high  plateau,  while  the  mildest  winter  nights 
occur  on  the  southern  c<  . 

The  normal  maximum  temperatures  for  .July  range  from  about  66°F.  on  the 
middle  and  southern  coast  to  95°  in  the  Snake-  River  Canyon  and  along  the  middle 
reaches  of  the  Columbia  River.  It  often  happen-  in  summer  thai  abnormally 
warm  weather  in  the  interior  is  accompanied  by  subnormal  temperature  on  the 
coast.  In  the  Willamette  Valley  hot  speua  are  short,  in  southern  Oregon, 
where  the  Coast  Range  is  higher,  warm  spells  are  more  pronounced  and  last 
longer,  while  east  of  the  Cascades  they  are  still  more  persistent. 

The  Coldest  weather  in  winter  and  the  warmest  in  summer  OCCUT  when  the 
ocean  winds  eease  and  the  State  u  dominated  by  a  ma—-  of  continental  air. 

The  Columbia  River  gorge,  cut  through  the  Cascade  Mountains  nearly  to  sea 
level,  permits  continental  air  to  flow  int<  I  kegon  to  a  greater  extei  ' 

it  otherwise  would.      This  ifi  particularly  true  of  cold  air  in  wii  ' 

It  is  difficult  to  determine  the  length  of  the  growing  season  in  the  coldei 
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of  Oregon,  for  in  these  area?  agriculture  is  mostly  confined  to  the  growing  of  the 
hardier  crops.  Moreover,  in  sections  where  the  nights  are  uniformly  cold,  even 
the  less  hardy  crops  seem  to  develop  some  resistance  to  frost. 

The  records  show  that  over  most  of  the  area  west  of  the  Cascade  Mountains 
the  average  period  between  the  last  killing  frost  in  spring  and  the  first  in  fall  is  150 
days  or  more,  reaching  250  days  on  the  coast.  In  the  principal  agricultural  areas 
east  of  the  Cascades  it  is  between  100  and  200  days.  Some  of  the  high  plateau 
districts  have,  on  an  average,  less  than  50  growing  days,  and  there  are  districts 
where  frost  mav  occur  in  any  month.  Even  here,  however,  considerable  areas  are 
devoted  to  some  kind  of  agriculture,  and  potatoes  and  garden  vegetables  are  grown. 

The  variation  in  precipitation  in  different  parts  of  Oregon  is  as  pronounced  as 
that  in  temperature.  Precipitation  is  largely  of  cyclonic  origin,  incident  to  the 
eastward  movement  of  low-pressure  areas  over  British  Columbia,  but  the  geograph- 
ic distribution  is  greatly  affected  by  topography.  The  heaviest  rains  occur  on  the 
slopes  toward  the  ocean.  There  are  some  localities  on  the  west  slope  of  the  Coast 
Range  that  have  heavier  precipitation  than  has  been  recorded  in  any  other  State 
except  in  some  corresponding  areas  in  Washington,  while  east  of  the  Cascade 
Mountains  some  localities  have  less  than  any  part  of  the  United  States  east  of 
the  Continental  Divide. 

In  general,  precipitation  increases  from  the  coast  to  a  belt  near  the  summit  of 
the  Coast  Range,  thence  decreases  in  the  valleys  of  the  Willamette,  Umpqua, 
and  Rogue  Rivers,  again  increases  to  certain  heights  on  the  west  slope  of  the 
Cascade  Mountains,  with  another  rapid  decrease  on  the  east  slope  of  the  Cascades, 
and  finally  increases  once  more  in  the  Blue  Mountains.  The  same  variation 
occurs  along  the  Columbia  River,  although  none  of  the  stations  along  the  middle 
and  lower  reaches  of  the  Columbia  is  much  above  sea  level. 

The  annual  average  precipitation  ranges  from  less  than  8  inches  in  the  driest 
parts  of  the  State  to  more  than  130  on  some  Pacific  slopes. 

Precipitation  is  decidedly  seasonal  in  character,  but  this  characteristic  is  more 
pronounced  west  of  the  Cascade  Mountains  than  it  is  east  of  them.  West  of  the 
Cascades  44  percent  of  the  precipitation  occurs  in  winter,  24  in  spring,  5  in  sum- 
mer, and  27  in  fall.  East  of  the  Cascades  37  percent  occurs  in  winter,  27  in  spring, 
12  in  summer,  and  24  in  fall. 

In  the  coastal  areas  snow  seldom  falls,  and  when  it  does  it  melts  almost  at  once. 
In  the  interior  of  the  western  part  of  the  State  there  are  occasionally  considerable 
falls  of  snow,  but  these  are  quite  infrequent,  and  ordinarily  this  area  is  free  from 
snow  most  of  the  winter.  East  of  the  Cascade  Mountains  a  considerable  part  of 
the  winter  precipitation  is  in  the  form  of  snow,  but  usually  the  ground  is  bare  for 
long  periods.  Where  measurements  have  been  made,  the  average  annual  snow- 
fall ranges  from  less  than  1  inch  at  some  coastal  stations  to  more  than  40  feet  at 
some  mountain  stations.  Glaciers  are  found  on  several  of  the  higher  peaks. 
Mountain  snow  storage  is  an  important  factor  in  providing  summer  water  for 
irrigation,  power,  and  domestic  use. 

Low  humidity  is  the  normal  condition  in  eastern  Oregon  in  summer,  and  east 
winds  occasionally  bring  very  low  humidity  to  western  sections;  this  occurs  some- 
times even  in  the  winter  season.  Otherwise,  humidity  is  high  west  of  the  Cascade 
Mountains  in  winter,  and  on  the  coast  throughout  the  year.  Humidity  is  normally 
moderately  low  in  eastern  Oregon  in  winter  and  in  the  interior  of  western  Oregon 
in  summer. 

Thunderstorms  are  rare  in  the  western  valleys,  somewhat  more  frequent  in 
summer  in  eastern  valleys  and  over  the  plateau,  and  still  more  frequent  in  the 
Cascade  and  Blue  Mountains,  where  many  forest  fires  result  from  lightning. 
Hail  occurs  occasionally  but  seldom  does  material  damage.  Glaze  storms  are 
experienced  at  rather  long  intervals. 

:ig  southerly  winds  are  an  occasional  feature  of  winter  weather  on  the  coast, 
and  sometimes  they  are  destructive.  Strong  easterly  winds  in  the  Columbia 
River  gorge  are  often  rather  discomforting,  but  they  seldom  do  material  damage. 
The  few  tornadoes  that  have  occurred  were  poorly  developed  and  not  serious. 

In  summer  there  is  abundant  sunshine  in  most' of  Oregon,  but  in  winter  there  is 
much  cloudiness,  particularly  in  the  area  west  of  the  Cascade  Mountains.  At 
Baker  the  average  number  of  hours  of  sunshine  a  year  is  2,719  and  at  Portland 
2.117.  Xo  sunshine  record  for  the  Oregon  coast  is  available,  but  North  Head, 
on  the  southern  Washington  coast,  has  an  annual  average  of  1,981  hours. 

Edward  L.  Wells,  Senior  Meteorologist  and 
Climatic  Section  Director  for  Oregon, 
Weather  Bureau,  Portland. 
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PENNSYLVANIA 

AVERAGE  JANUARY  TEMPERATURE 
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38     40    42 


PENNSYLVANIA 

AVERAGE    ANNUAL  PRECIPITATION  (  INCHES) 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR  PENNSYLVANIA 

The  chief  feature  of  the  topography  of  Pennsylvania  is  the  Appalachian  Moun- 
tain system,  which  is  composed  of  several  parallel  ridges  extending  across  the 
State  in  a  long  sweeping  curve  in  a  general  northeast-to-southwest  direction  and 
having  varying  elevations,  mostly  between  1,500  and  2,500  feet.  The  intervening 
valleys  are  generally  fertile. 

The  Blue  Ridge  marks  the  southern  border  of  the  mountain  system,  to  the 
south  and  east  of  which  lie  chiefly  rolling  or  undulating  agricultural  lands  with 
rugged  strips  along  some  of  the  streams.  The  beds  of  the  streams  in  this  area 
are  mostly  below  300  feet  in  elevation.  These  lands  comprise  the  chief  agricultural 
area  of  the  State  and  generally  rank  high  in  quality. 

The  northern  tier  of  counties  and  the  greater  part  of  the  second  tier  consist  of 
high,  rolling  ground,  with  elevations  mostly  between  1,200  and  1,600  feet.  There 
are  several  rounded  mountains  that  rise  2,500  feet  or  higher,  but  there  are  no  ridges 
or  d$ep  valleys.  The  general  character  of  the  area  is  that  of  an  elevated  plateau. 
A  fairly  large  part  of  this  northern  area  is  adapted  to  agriculture,  although  it 
cannot  be  classed  as  among  the  choice  lands  of  the  State. 

The  western  part  of  the  State  lies  within  the  Ohio  drainage  basin  and  is  generally 
hilly  and  rugged,  or  mountainous,  with  elevations  mostly  above  1 ,200  feet. 
Its  arable  lands  are  confined  to  small,  local  areas.  Owing  to  the  rapid  drainage 
of  the  area  and  the  rapidity  with  which  flood  waters  accumulate  in  the  larger 
streams,  this  area  has  an  exceedingly  important  flood  aspect. 

The  general  topographic  features  of  Pennsylvania  naturally  divide  the  State 
into  four  rather  distinct  climatic  areas. 

(1)  The  area  south  and  east  of  the  Blue  Ridge  has  a  modified  type  of  climate,  in 
which  the  temperature  extremes  are  usually  moderate  and  the  rainfall  is  generally 
ample  and  fairly  dependable. 

Temperatures  of  100°  F.  or  higher  are  comparatively  rare;  in  fact,  readings  as 
high  as  90°  occur  on  an  average  of  only  15  days  during  the  summer  season.  From 
about  July  1  to  the  middle  of  September  this  area  occasionally  experiences  uncom- 
fortably warm  periods,  4  or  5  days  to  a  week  in  Length,  during  which  light  wind 
movement  and  high  relative  humidity  make  conditions  oppressive.  In  general, 
the  winters  are  comparatively  mild,  there  being  an  average  of  less  than  100  days 
with  minimum  temperature  below  the  freezing  point.  Temperatures  of  zero  or 
lower  occur  at  Philadelphia,  on  an  average,  one  winter  in  four  and  at  Harrisburg 
one  in  three.     The  growing  season  averages  170  to  200  days. 
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Average  annual  precipitation  in  the  area  ranges  from  about  38  inches  in  the 
lower  Susquehanna  Valley  to  about  46  in  Chester  County.  Under  the  influence 
of  an  occasional  severe  coast  storm,  a  normal  month's  rainfall,  or  more,  may 
occur  within  a  period  of  48  hours. '  The  average  seasonal  snowfall  is  about  30 
inches,  and  fields  are  ordinarily  snow-covered  about  one-third  of  the  time  during 
the  winter  season. 

(2)  The  mountain  belt  is  not  rugged  enough  to  have  anything  like  a  true 
mountain  type  of  climate,  but  it  does  have  many  of  the  characteristics  of  such  a 
climate  in  modified  form.  The  mountain-and-valley  influence  on  the  air  move- 
ments causes  somewhat  greater  temperature  extremes  than  are  experienced  in  the 
southeastern  part  of  the  State,  and  the  daily  range  of  temperature  increases 
somewhat  under  the  valley  influences. 

The  effects  of  nocturnal  radiation  in  the  valleys  and  the  tendency  for  cool  air 
masses  to  flow  down  them  at  night  result  in  a  shortening  of  the  growing  season 
by  causing  killing  frosts  later  in  spring  and  earlier  in  fall  than  would  otherwise 
occur.  Since  the  valley  lands  are  largely  devoted  to  horticulture,  the  tendency 
to  late  frosts  in  spring  greatly  increases  the  risk  of  damage  to  the  fruit  crop,  and 
there  are  few  seasons  in  which  more  or  less  damage  is  not  done.  Early  autumn 
frosts,  however,  seldom  result  in  serious  or  extensive  harm.  The  growing  season 
in  the  mountain  belt  is  longest  in  the  Susquehanna  Valley,  where  it  averages 
about  165  days,  and  shortest  in  Schuylkill  and  Carbon  Counties  and  on  the 
Pocono  Plateau,  averaging  less  than  130  days. 

The  annual  precipitation  in  this  area  averages  3  or  4  inches  more  than  in  the 
southeastern  part  of  the  State,  but  its  geographic  distribution  is  less  uniform. 
The  mountain  ridges  are  high  enough  to  have  a  pronounced  deflecting  influence 
on  general  storm  winds,  while  summer  showers  and  thunderstorms  are  often 
shunted  up  the  valleys. 

The  seasonal  snowfall  of  the  mountain  belt  varies  considerably  within  short 
distances.  It  is  greatest  in  Somerset  County,  averaging  88  inches  in  the  vicinity 
of  Somerset,  and  least  in  Huntingdon,  Mifflin,  and  Juniata  Counties,  averaging 
about  37  inches. 

(3)  The  climate  of  the  northern  counties  is  fairly  typical  of  a  true  continental 
plateau.  The  average  elevation  is  greater  than  that  of  the  inhabited  valleys  of 
the  mountain  belt.  These  elevations,  together  with  the  influence  of  latitude  and 
of  favorable  radiation  conditions,  serve  to  make  this  the  coolest  area  in  the  State. 
Occasionally  winter  minimum  temperatures  are  severe.  The  daily  temperature 
range  is  fairly  large,  averaging  about  20°  F.  in  midwinter  and  26°  in  midsummer. 

The  growing  season  is  comparatively  short,  being  less  than  130  days  in  the 
greater  part  of  the  area.  In  Erie  County,  it  lengthens  rapidly  toward  the  lake, 
increasing  from  120  days  in  the  southeastern  corner  to  about  175  days  along  the 
lake  shore. 

The  annual  precipitation  of  this  area  averages  about  41  inches,  ranging  from 
less  than  35  in  the  northern  parts  of  Tioga  and  Bradford  Counties  to  more  than 
45  in  parts  of  Crawford,  Warren,  and  Wayne  Counties.  The  seasonal  snowfall 
averages  about  54  inches,  and  fields  are  normally  snow-covered  about  three- 
fourths  of  the  time  during  the  winter  season. 

(4)  The  western  part  of  the  State,  lying  within  the  Ohio  drainage  basin  and 
south  of  the  lake  drainage,  has  a  continental  type  of  climate,  with  changeable 
temperatures  and  more  frequent  precipitation  than  other  parts  of  the  State.  It 
is  too  rugged  for  a  true  plateau  type,  and  its  climate  may  be  said  to  partake  of 
both  the  plateau  and  the  mountain-belt  conditions. 

The  daily  temperature  range  averages  a  few  degrees  higher  than  that  for  the 
plateau  section,  and  the  same  may  be  said  of  the  normal  annual  range.  Because 
of  the  rugged  topography  the  growing  season  is  variable,  ranging  between  140  and 
175  days. 

With  rapidly  flowing  streams  in  the  drainage  system  (except  the  Monongahela), 
it  is  fortunate  that  this  part  of  the  State  is  not  subject  to  torrential  rains  such  as 
sometimes  occur  along  the  Atlantic  slope.  The  average  annual  precipitation  is 
about  equal  to  that  for  the  State  as  a  whole,  but  it  usually  occurs  in  smaller 
amounts  at  more  frequent  intervals;  24-hour  rains  exceeding  2.5  inches  are  com- 
paratively rare.  The  average  seasonal  snowfall  is  about  50  inches,  and  fields  are 
normally  snow-covered  for  as  much  of  the  winter  as  they  are  in  the  plateau  region. 
Heavy  snows  sometimes  occur  in  April. 

Geokge  S.  Bliss,  Senior  Meteorologist  and 
Climatic  Section  Director  for  Pennsylvania, 
Weather  Bureau,  Philadelphia. 


Climate  of  South  Carolina     •     1099 


-r  ~  =       2 


lenuny 

In. 

■is.  17 
15.  26 
43.  19 

45.  mo 
43.81 
40.  11 

50.31 
48.  35 

45.  44 
40.  04 
48.  23 

•10.  19 

■11).  20 
40.  22 

40.  50 

47.  33 

47.  02 
17.  20 
ii  88 

■IS.  58 

44.31 

46.  17 
44.17 

Hi    IS 

48.  20 

45.  4S 
45.  37 
44.44 
50.  SO 

50.68 

lanm^i^r 

—  —  •--  x  i  -  oa  x  m  vr  x z  c  •-  r.  i-  i ?i  —  ?>  vr vr  —  —  vr  -r  —  i  - 

j  r~  —  vr  vn  x  cr  3  >c  w  vr.  r--  re  R  ■.-.  ncNHCrteiHcaoonNONn^^ 

idqaWAOx 

•  re  vn  —  — •  .-•:  •?■  t~  06  a  —  N  —  t~  t~  >c  N  x  —  re  5  t OMHOaaaoeoo 

■5  vn  vn  vn  vn  —  vn  vn  —  vn  vn  vn  — :  —  ei  vn  ei  — :  vn  vn  — i  —  vn  vn  vn  vn  vn  —  —  —  vn  vn  — 

jaqapO 

3.  15 

2.  22 
2.72 

3.  52 

2.  38 

3.  11 
3.  49 
2.51 

2.  00 

3.  03 
3.  13 

2.  82 

2.  83 

3.  48 
2.51 

2.  04 

3.  00 
3.  09 
3.  11 
3.  12 
2.  48 
2.  87 
2.  55 
3.01 

2.  79 

3.  04 
2.  95 
2.  SS 
2.  42 

2.  50 

3.  (10 
3.  SS 

jaqcaajdav: 

In. 

3.  02 
3.73 
3.  57 
3.  00 
3.  35 
3.37 
3.  50 

3.  OS 
4.28 
4.91 

4.  55 
3.71 
4.30 

3.  31 

5.  31 
3.91 
1.  10 

4.  45 

4.  30 

l.  28 

3.  00 
5.01 
3.47 
3.  35 
3.  25 

3.  38 
4.72 
4.32 
4.83 
0.  IS 

5.  0  1 

4.  30 

}sn3nv 

?.  -  m  u:  r  m  -  s  r  n  x  c  m  t:  c  c  c  c  r t  -  -r  re  vr  —  vn  vev  o  -r  =  t 

^■:icr:xM5rNOC»^-C-ii-.-:c-CXrci--.f  :icr:t-i.:c 

-— r  t  <C :  ~r  rr  vr  «3  ..e  ic  «0  <a  K3  -r  tf3  vr  -r  >C  id  t- 'c  r  -r  r  t-  c  -r  r  r-  CO  t- 

g 


-^f  £  id  S 


vr  •*?>  cv  vr  ue  vr  r^  --e  vr  —  vr  «  r-  ue  vr  i-e  vr  vr 


aarif 

In. 
8,  ss 
8.  os 
4.37 
5.  34 
5.  86 
4.09 
4.02 
o  20 
5.  30 
5.51 
5.60 
0.  42 
3.80 

4.  13 
4.00 

5.  11 
5.  OS 
5.  03 
5.  12 
5.91 
5.  35 
5.  42 
3.  00 
4.31 

3.  87 

4.60 

5.  5  1 

.  5.  47 

1.01 

4.  11 

5.  73 
5.  05 

*«W 

[-OCT-DrNrXt-0--r?0-?--XM[ X  vr  —  r~  -r  — re 

•  t-  ue  3  OS  tt  tt  x  re  re  vn  r-  re  o  r-  cs  i-e  c:  vr  vr  vn  —  re  re  — ■  —  W  vr  x  —  vr  vr  re 

~x  re  re  re  vn  re  re  re  re  re  re  re  re  re  re  vn  re  re  re  re  re  re  re  re  re  re  re  re  re  -r  re  re  -r 

[tidy 

In, 

8.  74 

3.  13 
3.  19 

2.  94 
2.71 

3.  83 
4.00 
8.  10 
3.  07 
2.02 

3.  25 
3.22 

2.  34 
3.64 

4.  13 

3.  40 
3.  55 
3.  26 
3.  52 

3.  80 
3.40 
8.  46 

4.  11 
3.  49 
3.  35 
3.  59 
3.  59 
3.  34 
3.  03 
3.  25 
3.  23 
3.  12 

qoi^K 

In. 
4.  58 
4.40 

3.01 
4.34 

3.  78 

4.  58 

4.00 
3.94 
3.  21 
3.  20 

3.  IS 
3.21 
2.00 

4.  OS 
4.  23 
3.  00 
3.44 
3.04 
3.41 
3.  48 

3.  30 
3.  11 

4.27 
3.  72 
1   05 
3,  09 
3.  29 
3.  17 
2.78 

3.  32 
3.9(1 

A^reruqaj 

—  -r  x  ue  re r  x  -  r.  r  t  c  ^"  '"  ^  -  r.  i.-.  ~  c  ^  n  -  r  -  r.  r  ?.  c  c 

;;xr-Nr.r'.:^3NCTrOTfOO»'aoNrt>x>.;;?.r^xN?ixM 

A\reruref 

r  c  m  ^  r<  x  c  n-  r  r  m  r:  ~  m  c  r  r.  -r  t  i-  r  -  ^  n  x  o  i-t  t>  r>  -  m 
jHo«ebo5SNHN»a)eo««Hn5ocioaoo«N3noe«nno 
N  t~  re  re  re  re ':  ~  **  re  re  in  vn  re  vn  •*-  id  re  re  re  re  re  ri  re  'r  re  re  re  re'^  re  re  re  re 

—  —  —  —  ^     v> 


piooai 
jo    qiSuaq 


I    »: 


o  x  r-  vr  -r  x  —  x  c  : 


vn  re  re  —  rf  rftr 


=  =  r:  t"  -  f-  -•  "  -  =  = 


VN^-^C^vN^eirerere^r^rVN  —  re  —     "~ 


Sat  AiOj£> 


3  vn  vn  vn  In  vn  vn 


?,   r5 


-_ 


= 

i-ioaova 

tj.  «o  >-e  —  i-e 

'occx-u'aoiNTj.er; 

iO 

re 

— 

X 

o  o  o  o  o  o    • 

.  >■  c5  ^  ^  o 

Z    -   o  o  © 
Z-ZZC 

•ooocoooo 

> 
a 
z 

:  > 

.  o 

z 

> 

: 
Z 

> 
z 

z 

a  6j 

^S^^S 

vn  :s       —CN 

m  n  m  m  rj  -  - 

s 

rQ 

0B 

•«• 

IE 

_3  cr. 

a  a  2x8  a  3 

s  e«  a  a  s  a  a  s 

Si 

2 

si 

ii 

Si 

pjooaj 
jo    qj3adq 


SS8g8§gS5§ 


^ 


§S 

z 

—    0 

33 

H  - 
-    - 

E  g 

II 

=  9 
>  2 

T  1 


_   - 

5  =  3 


Z_    =    - 


.^cr;-rc?) 


ainaiiaiiv: 


ainniixBK 


93B 

|  -J8AB   ^[nf 


,  —  D  re  vr  re  vr 

^  d  ~'  vd  ai  re  ~ '■ 
o     X  t-  X  t-  X  t  - 


-r  i-e  re  vN  t 

—  —  x  d  — 

X  X  t-  X   X 


vN  X  -r  X  vN 


O-.  vN  t-3: 

vd  x  vr  ~ 


pjooea 
|  ;o    qj3aa^    j 


O  3:  ^  e-<  3 


■  vN  re  t  iN  vn  «♦ 


?  P 


S3  S  W      ™  b 


—  eii_ 
DO 
DC 


i    i     r^    gSa'SiafeSS=l    =! 

<  ^     BQ  r.  DC  a W     fc     fc 


1100     •     Yearbook  of  Agriculture,  1941 


i  —  —  x  —  ■- T-L--*rc.  c:ir:c:x,re:N-<?,roc:r<iccicic--ccc?;;cc5  — ■  x  ic  ■«•  n  m  m 

1  ;      "~<L'ti-Tr!<-^L-Tr-^-^^T?<-*-v-<f-<*>ic:C-<j>-<J,'»"*C"«'-<J<cC-<r'0'C- 


'    jaqmaodQ    I    .2;^ 


flCL':-C^X-.;-CC:'CNN'<rNNNOO:ONO!NCO^f)M"CKaON-. 


adqraaAOjvj 


i  c4  *d  c4  c»  c4  c*  c*  c«  ci  e«  e»  ei  oici  e*  c4  eo  i-«  c*  »-« e«  »-i  w  eo  ei  co  cd  h  i-5  ei  ci  ei  e$ t 


j^qopo 


n  cd  cd  cd  ei  n  m  e«e«c«ooe«ooeoe«e«e«eot*«' 


—  X 

uec^C^ipiceeJrereei 


xrere  =  =  i-e:r.  xre 


:N5N-N- 


I  -j  ^  «  t^  — •  l-  —  C  C  C  ^  X  ^*  c_   -  - 

jaqmdldag  *ed«5ed"5-W««d'<*cdedcded  c4cdedcdcd-«i!ed-*r  ^ed  coed-*  coed-*  •<*  •*  ■«:  eo  •*  eo  cd  eo 


jsnJnv 


^--^-v^-Tre  —  eaxe-l^eir^acOTC: 

—  =  ^  m  ?.  t-  ?:  ?>  m  -  ■-  c  x  n  x  -  c 


Apr 


i  —  l-  ic  -^  t^  ;r  i 


c  ru-  tc  -  x   -  x  l-  u-  i 

»C  Tf  »C  ^   L^    C  Tf  ^?*  »-t    Lt    C    C    Lt    L"    L"    r-    C    •*"    *"    L"     C    L*'    " 


L~    "X    LC    IC    — 


anrif   I     s 


CONiOXXNr:XT"[;-CC 
M-CX-l-CNC'CX'CN 


"<r  ->r  eo  tt  "3  «Q  DO  i 


A^Jft 


^  =  -  ^  r.  -  r.  r:  c  -  >.-  l:  i 

I-  -r  M  1--  m  e»  \C  > 

^re^re'rcrerereeirerere-^  —  re: 


:  re  eo  ce  eo  : 


ee  eo  eo  eo  co  ■»> 


judy 


:  1--  x  cir~:c<t"t^e<it^cece-*}<t--co»coo:Ci 

tt  re  re  re  ci  re  re  re  - 


re  re  re  re  re  re  re 


I     •! 


xn;c-n 
—  re  — ■  ~  =  x 


jtreruqej 


NS'CTrX^'-L-KXNaN 


-r  -r  L-f  ue  tt  re  re  i-e  re  ■ 


AVrenirex 


■~  t-  i-e  —  ct  r- n  ^  ri  r  -  c  m  r  c  x 

i^iCTpc^rNeerereeo^edcocd 


.  *  ;~-  —  —  —  ~  ^~  v*z  r~  »-.  **r"  x  tT  OC  ' 

—  reeire  —  r:  =  =  ie  —  cr-~T  =  recr:oooac- 


pjooaa 

jo  "  qjsudq 


c-ccseccrt^'-KNr: 


ireMei  —  re  —  re-r-reei 


IMCCNcciccsMsr! 


a     P 

-'- 

<      I 
Z      So 

0     $ 

2     - 


uos^as 


>:XNCXr:-r"?'rXKN 
&:ixr-r"rr:rrin-MN 
sn-ririMMriMNNNN 


ce  re  -r  r^  o  ue  x;  —  C:  t^  >-< 

7*1  ei  ~i  e>  ci  ei  ei  c>i  m  cm  cj  e^  cm 


>->>0>>>>0>> 

osocaooocdoo 

zczz    zzzz  ;fcfc 


-i.-mxitpx'onX'-'    '  co  t^ 


=  ■-  =  =  r;  r*  r3  ?S  5  fe  e5 


53  SM**  M  SS^g  5 


paoooj 
jo    qisnaq 


,  3  —  =  t~  =  X  • 


=  i-e  =  re  —  ~-  re  i 
—  re  —  re  r-i  re  m  ■ 


'coci  ■»»<-* 


CXXN 

SB*©'* 


VCON        CO»C 


>   >  J,  > 

O  O  o  o 

££CZ 


>  > 

c  c 


-  ae 


fOCOO 


ummraii^ 


7 


nmiTrtx^iv 


====5=55=5= 


CXON       i«3 


33« 

-J9AB   Ipnj" 


re  —  —-  — .  -^  rr.  r:  »-  im  —  <r« 

.  _  x  r-  ~  =  Daddcdd  ad 
■  r^  r-  t-  x       x  'X  i>- 1»  t^  r^  x  t  -  x  ce  t-  t^  t- 


Kiart^«; 


*o  00  'C  CC 

i  -i  rt  x 


paaoaa 
jo    qjsuaq 


,=«<.. 


re  re  ri  re  ~i  ?i  —       —  re 


re  ei  re  ri  ei  —  re  ei  —  ■ 


j  :g  io 


OOhDOMWJPQSOi^^C 


=  =  -^  ui  =  -r  —  —  ~  Z.-~  Zt-z  Z-  it,~    ' 


s    § 


S  c  -  a 

—     —     ~     7; 

-- 

:  a  j 

Picke 

Richl 
Balm 
Spart 

a 

3 
33 

"S?  o 

Climate  of  South  Carolina     •     1101 


>.      i. 


a,  tip 

■-  '=  s  = 
>  as* 


- 


J  J**  1 


1  w  G_g  a  c 

niiii^illii 


33  33  33  33  35  31 


■*"<*<  3C  CI  <M 


■*  o  --<  n  o:  n  a  i» 

NCOO»0-OiK 


—  ~.  as  — .  as  9i  ~  —  a  —  as 


Nmo- 
S  ^  «  tc  o  o  «c  -t*  t~  ro  «  >--:  ej  *i 


»Bos  os  os  oS  as  o>  as  os  os  os  as 


a 

c  ?:  ?:  •♦  c  c<  ?'  i-  ci  d  3>  ^  i> 

3J  £J 

s 

f   f   f   t    f 


1102     •     Yearbook  of  Agriculture.  1941 


SniAOJf) 


:zzz:z. 


ZZ--ZZ-^ZZZ~ZZZZ^CZC~Z,CCO' 

zzzczzcczzczzzczzzzczzzozzzoo 


m  o  ~  —  ro  t-  ■ 


siOi-iHicacx 


SniAOJ£) 


^:-:  —  m  5*  —  S  e  3  —  2  ec  n  —  re n  « »-i  ■*  c»  «-■  to  to  c«  So  «o  c*  e*  eo  ■«•  re  eo  —  eo  ■<?■  3 


^""mM--"--*' 

zzzz:zz:zzz:z    ::z    czzz    zzzzzzzzczzzzz 


^^m-m-H-Cmm^^^S1-"^1 


*   -  -  -  - 


------  r: 


5~ll^^-i<22i2  2--22^<^i<<ii2SS2252^s 


=  s 

<  - 

z  * 

I  5 

c  = 

IB  g 


5; 


=  mmm?52I  —  £  —  —  timmmmmm  —  m^mmmmmmmm^mtimmm'mmm' 


'  ~  -  -  z  z  -  z  z~  zzzzzzzzzzzzzz 

ccczcezz    zzzzzzzzzzzzzz 


zzzz::z::z:cz  ccczc-zz  zz*" 


—  rereSTXC=:e:srNr*-t*-   recc«c-<?~l~-  —  —  ;£i-ei-eM   tX".-:  C-CNiOr«Tr« 

—  U^r?)i  _    —  MM  —      MM    —    —      M        .    MN<N»-(M-*— i  —  —  Si 

a.a.«  no.aQ.Q.Q.3  *  "v  o.*5  aao*  Q  ~.~  ~  z.—  5  *  «  3  08  3  3  3  3  fe  3 
<<2<<<<<<S22  <2^<<<2<<£2<  SSSS25S25<2 


2Ui^0Jr) 


;^-mc:t-x  —  nnx-  a:  a:  m  =  =  c:  :£  ^;  tj  re  —  —  snnnxonn-  r*  i^  re  ce  m  ac 

'  MMMMMMMMMM^MMMMMMMMreMMreMMMC^MMMMMMMMMM 


M  C:  S:  1^  —  , 


-zzzz-zzzzz-zzzzz—  z  z  z  z  -  z  z  z  z  z  z~  z  z  z  z  z  z  z 

:zzzz:zzzzz:zzzzz  zczz^zzzzzz  zzczzzz 


<  <  <>  .>  i.  2  <  ->  <  i.  «> 


C  X  :C  r  N  C  C  N  -  ^|  'C  -  N  <■  S  ■«■  5  C  ^»  «  l:  -  l:  - 

l-gs's'sigji  s.g.g  &g  s  t  is  si  s'  as'  5*  a  '•?.  -  -  -  i 


zz  —  s^ZZTXt^r^XX  ■—•?■: 


5  =  L-.~:x«^Mt^xo 


=: -^c-c;;M-?)-r:;-MrM       M~3C-<rM:eMoc  —  M  re  3  —  -<r  M  ■ 

^  M  M  M  M  M  M  M  —  7)  M  M  M  M  M  M  M  M  M  M  M  M  —  M  M  M  M  ^-  M  M  C^  M  (N  M  (N  ! 


-      ' 


zzzzczzczzccz 


>  >  >  >  _j  >  >  ^  >  >  _; ;_^  >  ~    :  _i  >  c  _:  > '  ^-  _j  > '■  > '■  >  ^  ^  >"  >*  >  .-  •  >  >  •  « 

Z  Z    Z   Z   c  C  Z   i.  C  C  i.  -   C"T  -  -   c—  -    0oo00  0o50005500'5"e 

ZZZZCZZCZZCCZ   CCZ   C   ZCCZZZCOZZZOCZZOO 


■--:  i.-  M  M  l-        t^  IZ  l-  M  iz  — 


—  M—  MM—  re  —  MM 


D«S«»-«QH 


3S 


SS' 


^aat1*2*  s^ss 


^TTL»OJ£) 


=^^^ ~  x.  —  XX  —  ~  --Z  —  r-  rt  ^  l-  r-  N  ■ 

~t^  t»  u-  i.-  t^  r;  ~  -^  r^  —  —  c:  r^  ct  —  •^r  -r-  ^r-  --Z  M  : 
^MMMMMMMMM^r-MMMre^MMMrC: 


z-.  x  -.z  -z:  -jz  zz »  ©  eo  t~  «o  »-i 

T^.  —  7i.Z  ~  X  X  X  Zi  ■—  TiZit^-v  a: 
i  .~t  .~t  .-:  m  m  ^  M  M  re  m  rc  m  : 


M  73  re 


S  -r  •,; 


SMihO''*       —  —  ^.n  z-- c  n  i.-;  ~ 

—        MM  —  M  re  —  MM 

•     .  •     •  c  


,  Qio  -o 


.     .     •     •     •     .     .     •     -w  , :._:_ 

^^CCC^^CCCi-CCCCCCCC-CwCCCiCCtCOOOOOOO 

cczzzcc  zzzcczzzzzzzc.ee  ZZZCZCCZZZZZZZZ 


n  n 

oooocccc 


±\z:z--   ?  *  ?  ?  *  S  5r.  FFrFFHFrHssso&oooectSr'r"  r^rr". 


Climate  of  South  Carolina     •     1103 


^  = 

8  M 

2§? 

cm  cm  cm  cm 

CMCM 

ec  >o  <a  cm 

OS-* 

— <  cm  cm  — i 

CM 

Cu30 

O    5- 

2022 

OC 

■<J<  33  CM  lO 

1          ~ 

^  u  u  ul 

-   d 

-     - 

239 

3    _" 

^  —    :  r 

~» 

—  CM  CM 

-CM 

3  ©  O  C 

:    : 

23Z2 

:z 

-'  - 

*S2S 

S£ 

ooaoe   1  cm  »o 

CM  CM  CM  7 

1  •  "" 

3  -' 

SMS  lis  J 

2  « 

?  a 

_■  s  s 

-   ^   r  c  i    o  o 

z:zz     :z 

"3  2?  so 

*"5  Q 

•  2  g 

CM         CM      |    CMCM 

Apr. 

Mar. 
Mar. 

^  — 

~  —    - 

J  32  J 

r — .  x 

CM  DC 

- 

—  n 

CM  CM  CM  CM          CS  M 

=    - 

occae  II  oo 

>  >  >  >    i  ^  ei 

o  o  o  o 

g  - 

2ZZZ 

OO 

K  3=  —  -^ 

3N 

CM  CM         — • 

•  i_!  i_!  i. 

-    -    -    - 

-    r 
-    - 

i255 

:  - 

CM  X  —  —                  - 

~£ 

-    -  :    - 

1  •  •* 

H 

^   _:     '  -  ' 

t-  30 

(3 

—  —  — 

CM 

T3 

>^  >  > 

^    > 

a 

:    -    :    : 

~.    : 

3 

z:zz 

oz 

3d 

*SS8 

T. 

!•  «•  ft*  £         -    - 

£ 

-  - -_      7  - 

T. 

: 
- 

=0 

- 

s    .- 

s 

— 

f  —  r             - 

— 

■ 

« 

■ 

>>>£      >  a 

z    z 

zzz: 

_   -    - 

J 

-    T    :z 

. 

:. 

~1  :: 

5  l. 
Z< 

-5  j.  •=  j. 

r 

5 

rr^-1  r 

222s  : 


1104     •     Yearbook  oj  Agriculture,  1941 


40JL 

-v 

v 

44 
> 

w48 

40-a^^      \) 

\      r 

42"X~?av 

S       \«6 

44  \     JrO* 

V^A 

-fV  (/ 

480 

SOUTH    CAROLINA          so- 

m 

average    JANUARY    TEMPERATURE 

l£ 

7  J476      78 

12^>r^^\^P^ T" 

76-V— — — — x"^  A  >/'          f — 1 

80 

(           \ 

78*^2       ~\  /       vjL.      V 

X\^ 

80\  /            >^V 

yJiQ 

SOUTH    CAROLINA         \ 

Jpj 

AVERAGE    JULY    TEMPERATURE 

Climate  of  South  Carolina     •     1105 


APR    20    APR  10      MAR.  30 
APR    2  5\APR.  15/   add  =   \ 
APR.  25       ,H  jf    7,           |       l"*"** 
APR    20WXZ/V    J    y          Vi!  V Sr\MAR  25 
/^— "%>^C-^      \           rSvSV$A/.MAR.30 

/    \~^Z>< —           V      (     »  ^~TOAPR-5 
apr.  is  ■^•^J^Or^-"-     ^/^ — •'     ' 

^APR  5 

APR.  10     ^^^jty              \    J 

apr' 5  \r^><S 

MAR.  30   X.     ^~R^>C           /             I             ] 

*S^              >      ~7           \WAR.20 

MAR.  25\(            /y^vJr^        V'*^ 

\          /A/ 

\_/^       JLi-MAR.IO 

MAR  20  \/-Ll           \^           <^ 

^-— ^^ShT"  MAR  5 

^^^fc^PEB  28 

MAR.I5l/0^\          ^f^ 

>^T^FEB.23 

SOUTH    CAROLINA       MAR  ,A/>§^ 

AVERAGE    DATES    OF    LAST                       ^ /-J&/X&X& 

KILLING    FROST    IN    SPRING            M**'5  Ifj  M) 

^FEB  23 
FEB  28 

^r«5r.        0CT.30NnN/s 

OC  T.  25 t\*^>^\ 

OCT.  30  *>^/   /\^\  ^^   >f y^\ 

*""^v       I            /  N^NOV.IO 

NOV.  5       \>^      /J^  ^<     st^"^ 

NOV.IO^^/      /    /^  ^-\      X 

/                  /^i--r^N0VI5 

-^C^/^-irr  N0V  20 

~~^^^2>*fr  N  °  v  2  5 

NOV.  15   *-^ y^^*^-— -%     X. 

*>^~7*Z<&r  N0V  30 

^^J^DEC.5 

nov2o\^   /t-&(^(y&' 

.^DEC.IO 

SOUTH    CAROLINA                 jf  /j$Ht 

AVERAGE    DATES    OF    FIRST         NOV.  25 ^J^fJ^S^ 

KILLING    FROST    IN    FALL                             V^JjT 

NOV  30\DECI0 
DEC  5 

1106     •      Yearbook  oj  Agriculture,  1941 


190       200 

210 

220 

/V220 

I90^<^^^ 

200-(^       y^^\/^Z 

2I0'*\— £|            \J 

— J^^^-230 

220'N\  t( 

^V 

/^i-W^250 

230'\   / 

\A 

**T~ 

\_/L-----fcr  26° 

240^S 

II    ' 

J-r£r-  280 
£1-290 

SOUTH   CAROLINA 

250/Vr 

fjWh 

AVERAGE    NUMBER   OF  DAYS 

260  \J 

TJffi 

WITHOUT   KILLING    FROST 

270*- 

— pf290 
280 

40    32    28 

40       .^gS^yf    /\  _^_  j 

26 

Y^^x/M- 

n      26 

>.28 

(      y 

24  a^    \  \y  y  v 

7        l    s^~~ 

24Sy/>           ^^S 

hy  \      y 

24     V>      /        ^^ 

y^n 

\,  >^/| 

24   *v     /     1 

26\  A 

\i     ~~~ )  ^s_ 

-i-^— 30 

28^ 

Avic/ 

) 

SOUTH   CAROLINA            \ 

AVERAGE    WARM-SEASON                  30~ 
PRECIPITATION     (INCHES) 

(APRIL    TO    SEPTEMBER,  INCLUSIVE) 

30 

Climate  of  South  Carolina     •     1107 


60 

56     52     50 

48 

CO     £^*^Z^\              Jr^ 

/   (V6 

46 

^^\  44  ./ 

c48 

48'^w^/    n6c 

46  \\  /i  ^~^~> 

•^t\ 

^-^50 

46  \ 

^-50 

SOUTH   CAROLINA            ^ 

JZ^S 

AVERAGE    ANNUAL  PRECIPITATION  ( INCHES) 

48 

SUPPLEMENTARY  CLIMATIC  NOTES  FOR  SOUTH  CAROLINA 

South  Carolina  lies  practically  between  latitudes  32°  and  35°  N.  and  extends 
in  a  triangular  shape  from  the  Blue  Ridge  Mountains  in  the  extreme  northwestern 
part  southeastward  to  the  Atlantic  Ocean,  embracing  an  area  of  30,989  square 
miles. 

The  State  may  be  divided  into  two  distinct  areas,  commonly  known  as  the 
Piedmont  and  the  Coastal  Plain.  The  line  of  demarcation  runs  from  the  eastern 
boundary  of  Aiken  County,  through  central  Chesterfield  County,  to  the  North 
Carolina  border,  where  the  general  elevations  begin  at  about  300  feet  above  sea 
level  and  increase  in  various  steps  to  over  1,000  feet  in  northwestern  counties, 
with  higher,  isolated  peaks  along  the  border.  The  highest  peak  is  Sassafras  Moun- 
tain in  upper  Greenville  County,  with  an  elevation  of  3,548  feet.  East  of  this 
line  are  low  hills  and  rather  broken  country  between  the  Congaree  River  and  the 
north  fork  of  the  Edisto  River;  also  there  is  a  rather  hilly  and  rolling  area  in  the 
upper  Lynches  River  drainage  basin  between  the  Catawba- Wateree  and  the  Pee 
Dee  Rivers.  In  the  upper  Coastal  Plain,  the  elevations  decrease  somewhat 
abruptly  from  300  to  100  feet,  and  thence  to  the  coast  the  major  part  of  the  land 
is  not  more  than  60  feet  above  sea  level.  In  the  area  of  lower  levels  to  the  east- 
ward and  southward  great  swamp  systems  predominate. 

The  general  slope  of  the  land  from  the  mountains  toward  the  sea  is  southeasterly, 
and  the  three  primary  river  systems — the  Pee  Dee,  the  Santee,  and  t  he  Savannah — 
naturally  flow  in  that  general  direction.  As  the  Savannah  watershed  in  South 
Carolina  is  narrow,  the  general  drainage  of  the  State  may  be  >aio\  on  the  whole, 
to  be  through  the  other  two  river  systems,  which  have  a  total  drainage  ana  <>f 
nearly  31,000  square  miles.  Practically  all  the  large  power  site-  arc  located  in  the 
western  part  of  the  State,  where  drainage  is  rapid  and  foundations  on  the  various 
shoals  are  good. 

The   principal    coast    indentation-    are    Winvah    Bay,    Charleston    Harbor,    St. 
Helena  Sound,  and  Port  Royal  Sound,  with  Tybee  Roads  at  the  mouth  of  the 
Savannah  River.     There  are  a  large  Dumber  of  Low  sea  islands,  separated  from 
the  mainland  by  numerous  comparatively  shallow  straits,  sounds,   and   c 
si  reams. 

The  climate  of  South  Carolina  varies  considerably  according  to  elevation 
from  late  fall  to  midspring  weather  changes  arc  frequent.     During  the  winter 
one  to  four  cold  waves  usually  occur,  with  night  temperatures  of  20    P.  or  lower 
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in  the  central  and  upper  sections,  of  the  State.  However,  these  cold  periods  are 
generally  brief,  and  on  the  whole  the  winters  are  comparatively  mild.  Except 
along  the  southern  coast,  zero  temperatures  overspread  the  entire  State  at  irreg- 
ular intervals,  averaging  once  in  about  20  years.  During  summer,  temperatures 
of  90°  or  above  are  more  or  less  frequent  except  at  the  higher  elevations. 

On  an  average,  the  most  rain  occurs  in  July  and  the  least  in  November. 
Throughout  the  central  part  the  annual  rainfall  is  about  45  inches,  while  there  are 
greater  amounts  in  two  widely  separated  areas,  along  the  seaboard  and  over  the 
northwestern  counties.  In  the  mountains  the  annual  precipitation  ranges  from 
55  to  more  than  65  inches,  and  over  the  coastal  areas  it  is  50  or  more.  Distribu- 
tion is  fairly  regular  throughout  the  State,  and  only  occasionally  is  drought  or  an 
excess  of  moisture  harmful  to  crops.  The  average  number  of  days  with  measur- 
able precipition  is  94  a  year.     Sunshine  is  ample. 

Thunderstorms  are  frequent  in  summer,  and  occasionally  destroy  property  in 
limited  areas.  Hail,  accompanying  thunderstorms,  also  is  locally  destructive  to 
crops.  Tornadoes  average  about  three  a  year,  occurring  mostly  about  50  miles 
from  the  mountains  but  occasionally  in  other  sections.  A  few  tornadoes  have 
caused  considerable  loss  of  life  and  property  when  they  have  struck  towns  and 
cities.     Hurricanes  rarely  occur  in  full  force. 

Mean  annual  temperatures  range  from  about  66.5°  F.  in  extreme  southern 
parts  to  about  59.5°  in  the  mountains.  The  range  between  the  lower  coast  and 
the  high  elevations  is  about  10°,  the  decrease  in  temperature  being  proportional 
to  the  increase  in  altitude.  Seasonal  temperature  averages  for  the  State  as  a 
whole  are:  Winter,  46.7°*;  spring,  62.6°;  summer,  78.8°;  and  autumn,  64°. 

The  average  growing  season  ranges  from  about  February  20  to  December  11, 
294  days,  in  the  extreme  southern  part  to  186  days  in  extreme  northwestern  ele- 
vations, where  the  terminal  dates  are  about  April  21  and  October  25.  Killing 
frost  in  spring  has  occurred  as  late  as  May  3  in  a  few  northern  localities  and  April 
26  along  the  coast;  in  the  fall,  as  early  as  October  9  over  most  of  the  State  and 
November  10  in  the  extreme  south. 

The  normal  seasonal  precipitation  in  winter  is  11.30  inches;  spring,  10.69;  sum- 
mer, 16.30;  and  fall,  9.40.  Thus  the  heaviest  rainfall  is  in  the  summer  season  and 
the  lightest  in  the  fall. 

The  average  annual  snowfall  is  2.4  inches.  In  the  central  and  upper  parts  of 
the  State  snowstorms  are  not  infrequent. 

The  average  annual  sunshine  is  64  percent  of  the  possible  amount,  while  the 
average  number  of  clear  days  is  175,  with  95  partly  cloudy  and  95  cloudy.  The 
average  hourly  wind  velocity  is  about  9  miles.  The  highest  velocity  ever  re- 
corded for  a  5-minute  period  was  81  miles  an  hour  from  the  southeast.  The 
prevailing  direction  of  the  wind  is  from  the  southwest.  Disastrous  floods  and 
droughts  are  of  rare  occurrence. 

Gerald  C.  Merchant,  Associate  Meteorologist  and 
Climatic  Section  Director  for  South  Carolina, 
Weather  Bureau,  Columbia. 
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SOUTH    DAKOTA 

AVERAGE    JANUARY   TEMPERATURE 


70       70 


SOUTH    DAKOTA 

AVERAGE     JULY     TEMPERATURE 
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SOUTH    DAKOTA 

AVERAGE   DATES   OF  LAST   KILLING    FROST   IN    SPRING 


MAY  20  MAY  15  MAY  15 


MAY  15 


MAY  20 


SOUTH    DAKOTA 

AVERAGE    DATES  OF   FIRST  KILLING   FROST  IN    FALL 


SEPT  20 


SEPT.  20 


SEPT  30 


OCT  5 
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SOUTH     DAKOTA 

AVERAGE  NUMBER   OP  DAYS    WITHOUT  KILLING    FROST 


130    130 


10         '0 


SOUTH    DAKOTA 

AVERAGE    WARM -SEASON     PRECIPITATION  (INCHES) 
-  TO    SEPTEMBER,    INCLUSIVE) 

14  16 
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SOUTH    DAKOTA 

AVERAGE    ANNUAL    PRECIPITATION  ( I  NCHES) 


14  16 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR  SOUTH  DAKOTA 

South  Dakota  is  typically  plains  country,  varying  from  nearly  level  land  to 
hilly  ridges  and  increasing  steadily  in  elevation  from  the  eastern  border  to  the 
western  edge  of  the  State.  The  general  elevation  above  sea  level  increases  from 
1,000  or  1,500  feet  along  the  eastern  border  to  3,000  or  3,500  feet  on  the  western 
edge,  except  in  the  Black  Hills  area.  The  Black  Hills,  an  oasis  of  forest-covered 
mountains  higher  than  the  Alleghenies,  of  great  mineral  wealth  and  geologic 
interest,  have  a  climate  peculiarly  their  own. 

Most  of  the  State  is  covered  with  varying  depths  of  soil  laid  down  in  past  ages 
by  glaciers,  water,  and  wind  erosion,  with  an  occasional  outcropping  of  bedrock. 
Artesian  wells  furnish  running  water  for  domestic  use  in  eastern  sections,  and 
there  are  numerous  small  ponds.  The  eastern  half  of  the  State  is  drained  by 
three  main  rivers  flowing  from  north  to  south  across  the  State — the  Big  Sioux, 
the  James,  and  the  Missouri.  Tributaries  of  these  streams  have  produced  con- 
siderable rough  terrain,  although  narrow  bands  of  flat,  alluvial  land  occur  along 
the  main  drainage  basins. 

The  soil  in  most  of  the  eastern  area  is  variable  in  thickness  and  composition, 
consisting  chiefly  of  clay,  silt,  and  fine  to  coarse  sands  mixed  in  varying  propor- 
tions. The  deposit  is  very  limy,  frequently  containing  as  much  as  10  percent  of 
calcium  carbonate.  The  area  is  characterized  in  general  by  a  rolling  surface, 
modified  by  rough  morainic  hills  and  ridges,  large  areas  of  nearly  level  land,  and 
numerous    basinlike   depressions. 

In  western  South  Dakota  the  principal  streams  flow  from  west  to  east  and 
empty  into  the  Missouri  River.  They  are,  from  north  to  south,  the  Grand, 
Moreau,  Cheyenne,  Bad,  and  White  Rivers. 

The  eastern  half  of  the  State  is  practically  all  arable  and  fertile  land,  suitable 
for  growing  crops,  but  the  western  half,  because  of  limited  moisture  and  more 
rugged  terrain,  is  best  suited  for  stock  grazing,  although  other  forms  of  agriculture 
are  profitable  in  years  of  ample  moisture.  Irrigation  is  practiced  to  some  extent 
in  this  area,  particularly  in  the  Black  Hills  section. 

South  Dakota,  a  northern  Great  Plains  State,  situated  as  it  is  at  about  the 
geographical  center  of  the  North  American  Continent,  and  near  the  paths  of  a 
large  number  of  cyclones  and  anticyclones,  has  the  extremes  of  summer  heat  and 
winter  cold,  together  with  rapid  fluctuations  in  temperature,  characteristic  of 
continental  climates.      With  more  than  half  of  the  State  lying  in  the  more  or  less 
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semiarid  region  west  of  the  one-hundredth  meridian,  crop  returns  during  dry 
years  may  be  very  poor  over  large  areas  even  in  the  eastern  part,  but  in  relatively 
wet  years  good  crops  are  general  over  the  entire  State. 

Owing  to  the  midcontinental  position  of  the  State,  at  great  distance  from  large 
bodies  of  water,  and  its  altitude  and  latitude,  the  daily,  monthly,  and  annual 
ranges  in  temperature  are  very  marked.  Temperatures  of  100°  F.  or  higher  are 
experienced  in  some  part  of  the  State  from  June  to  September  yearly,  and  readings 
above  100°  have  been  recorded  also  in  April,  May,  and  October.  These  high 
temperatures  are  usually  attended  by  low  humidity,  which  greatly  reduces  the 
oppressiveness  of  the  heat.  Below-zero  weather  occurs  frequently  from  Novem- 
ber to  March,  inclusive,  and  in  the  north  occasionally  in  October  and  April. 

The  last  killing  frost  in  spring  usually  occurs  during  the  second  10  days  of 
May  in  the  northern  half  of  the  State,  and  the  first  10  days  in  the  southern  half, 
except  in  the  Black  Hills  section,  where  it  is  likely  to  be  as  late  as  the  'last  part  of 
May  or  early  June.  At  a  few  places  along  the  southern  border  frost  often  ends 
in  late  April.  The  first  killing  frost  in  autumn  normally  occurs  in  the  Black 
Hills  area  in  August  or  early  September,  but  in  the  rest  of  the  State  it  is  usually 
delayed  till  the  last  10  days  of  September  or  early  October.  Occasionally  frosts 
occur  in  June  and  August. 

Precipitation  decreases  quite  regularly  from  22  inches  in  the  eastern  third  of 
the  State  to  about  18  in  the  western  third,  except  in  the  Black  Hills,  where  in 
places  it  averages  about  24.  Actually,  the  precipitation  decreases  northwest- 
ward, ranging  from  about  25  inches  in  the  southeast  to  15  in  the  northwestern 
quarter,  excepting  the  Black  Hills.  The  seasonal  distribution  of  precipitation 
conforms  to  the  Plains  type,  about  three-fourths  occurring  during  the  crop  season, 
April  to  September,  inclusive.  The  normally  wettest  month  is  June,  followed 
rather  closely  by  May  and  July  and  to  a  less  extent  by  the  other  crop-growing 
months.     The  normally  driest  months  are  November  to  February,  inclusive. 

Occasionally  there  is  heavy  snowfall  in  winter  and  the  amount  of  snow  on 
the  ground  accumulates  to  a  considerable  depth,  but  as  a  rule  the  snow  cover 
is  not  great.  Snowstorms,  accompanied  by  high  winds  and  subzero  temperatures, 
commonly  known  as  blizzards,  occur  occasionally,  but  they  are  not  quite  so 
severe  as  is  generall}'  believed  by  nonresidents. 

There  has  been  a  marked  tendency  to  droughts  in  recent  years,  and  the  water 
table  has  gradually  lowered  to  such  an  extent  that  the  water  situation  has  become 
critical  in  many  parts  of  the  State.  Wells  have  been  sunk  lower  and  lower  and  in 
some  cases  have  ceased  to  flow.  With  a  return  to  normal  and  better  moisture 
conditions,  it  probably  will  take  several  years  to  build  up  the  reserve  soil  moisture 
to  a  point  where  a  slight  or  moderate  drought  will  not  immediately  affect  crops 
adversely.  Owing  to  depleted  soil  moisture,  hot  dry  winds  occasionally  catch  a 
crop  in  a  critical  condition  and  do  great  damage  within  a  few  days. 

The  prevailing  wind  direction  during  the  growing  season  is  generally  from 
the  south-soutneast  and  during  the  rest  of  the  year  from  the  north-northwest. 
Wind  velocities  in  South  Dakota  average  8  to  11  miles  an  hour,  and  the  number 
of  hours  with  velocities  exceeding  10,  15,  and  20  miles  an  hour  are  no  greater  than 
for  other  areas  of  the  northern  Great  Plains.  The  percentage  of  possible  sunshine 
ranges  from  55  in  winter  to  slightly  over  70  in  summer.  The  average  annual  num- 
ber of  clear  days  is  173,  partly  cloudy  104,  and  cloudy  88.  Because  of  its  preva- 
lent fair  weather,  South  Dakota  is  sometimes  called  the  Sunshine  State. 

Bernard  R.  Laskowski,  Associate  Meteorolo- 
gist and  Climatic  Section  Director  for  South 
Dakota,  Weather  Bureau,  Huron. 
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SUPPLEMENTARY  CLIMATIC    NOTES  FOR  TENNESSEE 

The  topography  of  Tennessee  is  varied  in  character,  particularly  in  the  eastern 
part,  which  is  largely  mountainous  yet  has  broad,  fertile  valleys  that  produce 
abundant  crops.  These  valleys  range  in  elevation  from  700  to  1,500  feet,  while 
numerous  ridges  that  parallel  the  valleys  rise  to  2,000  feet  or  more.  Along  the 
Tennessee-North  Carolina  boundary  lie  the  Great  Smoky  Mountains,  with  many 
peaks  rising  to  5,000  and  some  to  6,000  feet  or  more  above  sea  level.  The  Cum- 
berland Plateau,  which  crosses  near  the  center  of  the  State  in  a  southwest-north- 
east direction,  has  an  average  elevation  of  about  1,800  feet. 

The  Central  Basin,  an  extensive  agricultural  section  of  central  Tennessee, 
ranges  from  400  to  800  feet  in  elevation,  while  .surrounding  it  is  a  hilly  section 
several  hundred  feet  higher,  commonly  called  the  Highland  Rim.  The  western 
valley  of  the  Tennessee  River  fall.-  to  about  370  feet,  and  the  plateau  of  west 
Tennessee  rises  from  the  valley  to  about  700  feet  above  sea  level  and  then  descends 
gradually  to  the  west,  ending  in  a  line  of  bluffs  near  the  Mississippi  River.  The 
entire  State  is  well  watered  and  well  drained,  with  scarcely  a  swamp,  in  the  usual 
•  of  the  word,  outside  the  Mississippi  bottom  lands. 

Among  the  natural  resources  of  Tennessee  the  forests  are  very  important. 
The  mountains  are  mostly  covered  with  deep  soil,  and.  except  where  cleared,  are 
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well  timbered  to  their  tops.     Even  the  tops   of  the   high   mountains  produce 
abundant  grass. 

Agricultural  resources  are  varied  and  include  the  production  of  wheat,  corn,  pea- 
nuts, oats,  tobacco,  fruits,  vegetables,  and  cotton.  Horses,  mules,  cattle,  and  hogs  are 
produced,  and  there  has  recently  been  an  increase  in  dairying  in  the  Central  Basin. 

Tennessee  does  not  lie  directly  within  any  of  the  principal  storm  tracks  that 
cross  the  country  but  comes  under  the  influence  of  the  storm  centers  that  pass 
along  the  Gulf  coast  and  thence  up  the  Atlantic  coast,  and  also  of  those  that 
pass  from  Oklahoma  northeastward  to  the  Great  Lakes  and  thence  to  the  coast 
of  Maine.  Weather  changes  are  therefore  frequent  as  compared  with  the  re- 
markably stable  conditions  of  the  far  Southwest  but  not  nearly  so  frequent  as  in 
the  Lakes  region  and  the  Northeastern  States. 

Zero  temperatures  occur,  on  an  average,  about  once  a  year  over  the  lowlands, 
but  they  are  comparatively  frequent  in  the  mountains.  Occasionally  the  tem- 
perature falls  to  considerably  below  zero.  Maximum  temperatures  exceeding 
100°  F.  are  occasionally  recorded.  On  an  average  they  reach  95°  or  above  at 
the  lower  levels  on  about  15  days  during  June  to  September,  inclusive,  but  at 
elevations  of  2,000  feet  or  more  temperatures  rarely  go  above  95°.  At  the  lower 
elevations  there  are  periods  of  sultry  weather,  such  as  are  to  be  expected  where 
moisture-laden  winds  from  the  Gulf  are  effective.  In  the  highlands  the  condi- 
tions of  heat  and  humidity  are  somewhat  modified,  the  nights  being  cooler  and 
the  air  movement  greater;  the  greatest  differences  between  mountain  and  low- 
land temperatures  occur  in  summer. 

The  period  between  the  last  killing  frost  of  spring  and  the  first  in  fall  gives  a 
long  crop-growing  season.  The  average  date  of  the  last  spring  frost  is  about 
April  7  in  the  western  half  of  the  State  and  April  15  in  the  eastern  half;  that  of 
the  first  in  fall  is  October  23  in  the  western  half  and  October  21  in  the  eastern. 
Killing  frosts  have  been  known  to  occur  as  early  as  September  18  and  as  late  as 
May  26  at  stations  above  2,000  feet  elevation. 

Tennessee  is  in  the  region  of  abundant  rainfall  and  receives  an  average  of 
about  50  inches  a  year.  This  insures  many  unfailing  springs  and  streams,  which 
are  of  great  value  in  a  stock-raising  country.  The  heaviest  rains  come  in  the 
late  winter  or  early  spring,  and  the  driest  season  is  midfall. 

The  differences  in  elevation  in  the  western  part  of  the  State  are  not  sufficient 
to  produce  any  marked  local  peculiarities  of  rainfall,  and  the  distribution  there 
is  rather  uniform.  However,  it  is  slightly  greater  over  the  highlands  than  at 
lower  elevations.  In  the  eastern  part,  rainfall  varies  between  the  windward  side 
of  a  mountain  and  the  leeward  side,  and  between  the  floor  of  a  valley  and  the 
mountaintop.  Rainfall  is  considerably  heavier,  for  instance,  on  the  Cumber- 
land Plateau  and  in  the  Smoky  Mountains  than  in  the  valley  of  East  Tennessee, 
owing  to  the  fact  that  a  large  percentage  of  the  winds  reaching  this  valley  must 
first  pass  over  the  mountains  on  either  side,  thus  having  their  moisture  largely 
condensed  and  reaching  the  enclosed  area  as  comparatively  dry  winds.  A  large 
area  of  the  Cumberland  Plateau  receives  an  annual  average  of  about  55  inches, 
while  in  the  upper  East  Tennessee  Valley  the  average  is  about  44  inches.  Pre- 
cipitation increases  rapidly  up  the  slopes  of  the  Great  Smoky  Mountains.  During 
the  last  4  or  5  years  measurements  have  been  made  near  the  tops  of  several  high 
peaks  on  the  Tennessee-North  Carolina  line,  and  annual  amounts  averaging 
slightly  in  excess  of  80  inches  have  been  recorded. 

The  average  annual  snowfall  is  only  about  9  inches,  and  the  ground  is  rarely 
blanketed  for  more  than  a  few  days  at  a  time.  The  average  amounts  range  from 
6  inches  at  Memphis  in  the  west  to  22  at  Elkmont  and  Mountain  City  in  the  east. 

There  are  about  115  days  a  year  with  measurable  precipitation  in  the  western 
half  of  the  State  and  130  such  days  in  the  eastern  half.  Clear  skies  prevail  on 
about  130  days,  partly  cloudy  115,  cloudy  120.  Sunshine  averages  about  59 
percent  of  the  possible  amount  for  the  State  as  a  whole,  with  a  winter  minimum 
of  45  and  a  summer  maximum  of  66.  Relative  humidity,  based  on  observations 
at  8  a.  m.  and  8  p.  m.,  averages  about  72  percent.  Thunderstorms  occur  fre- 
quently during  the  spring  and  summer  months.  Tornadoes  occur  occasionallv 
in  the  western  and  central  counties,  but  rarely  in  the  eastern.  There  are  occa- 
sional droughts  lasting  from  20  to  30  days,  and  coming  mostly  in  the 
late  summer  and  fall.  In  all  parts  of  the  State  there  are  occasional  heavy  rains, 
amounting  to  2.5  inches  or  more  in  24  hours. 

Robert  M.  Williamson,  Meteorologist  and 
Climatic  Section  Director  for  Tennessee, 
Weather  Bureau,  Nashville. 


Climate  of  Texas     •     1129 


jaqraaAOft 


tentnrv 


i¥Ui 


(N  CC  CC  M  ■*  ■*  Tf' 


jdqcadOOQ 


iOOM«wn*oo 


■>»>a3CNocJa>co«cr^oo 


if  rtPJ<O>0l 


Tf  a:  q  >c  o  to  . 
— .'  cn  co     '  CM '^  CN 


H^INO0l-(NC'l'»"Cai0O' 


<«3  g> 


CM  M 


-HtOOTf 

CN  CN  CN  CO 


>occoo 


CO         ^h  <N 


c!p      *- 


aaqo^oo 


l»NMU!C«u:*( 
'  05  Ol  Ol  ■*  CC  "2  ■*  lO  I 


-^CMCO  —  COCNCNCOCOCN! 


COCO  —■  — I  CN 


idqaia^das 


N*«^OKOJ:C-' 


C0»0i05N00O00j!i'*MO'0*«'O0!C 


I  CM  CM  CO  CM  CM  CM  CO  ~  CO  <N  CN  CO  (N  ■*  ^  »C  <©  CM  CM  CO  CO        O  03  J 


jsnSny 


_  _CO  ~-c  CN  . 


iCNCNCNCN^CNCNCN^^-^HCNCN-rTfcOCNCNCN. 


&{Vl£ 


CN  CN  CO  CN  — .'  CN 


CM  Cfc  CO  -h  <£>  TJ<  00 

cn '^  co  cn  cm  cn  cm' 


CO  o  o 
CN  >C  CO 

-h'cn  cn 


35  *0  «-~  CO 
CM  CN  CN  >C 


iOtCMINN^ 


eanf 


0)oocoomi»tO(Ni 
-    too  «o-  -  -- 

^CMCNCOTrieMCN^-^COOOCO^COCMeMCN'CNeNCMCOl 


I  '5  I   .- 

o      *  S  • 


'ooo)cc«wNoocc«i-o»»«:t,:ictcojiONi»i»c.'f     ^—^  eel  p^  -p 


oo  r-c-. 
cn'^cncn 


^BJV 


■f  ^  Tf  CO  CO  CO 


CC  CR  CO  TJM 

O  G  —  ■«»«  < 
CO  CO  -^CN '■ 


:~: 


CN00( 

■*  co'  CN  ' 


[udy 


f  MOKrf. 


■  CN  CO  US  -r  CN  - 


I  CCCN  CN 
i  'T  •*  CO 


CO  CO  CO  CO  CO  CO  CN  t^ 


qDi«j/\[ 


OICOCCT 


I  CM         rt  « 


^xeruqe^ 


flNCNC 


i  O  •"*■  00  CM 


SNlNf!-- 


— i  CM  CM  CN  CN  CN  CN  CO  ~ 


A\ientref 


CMCMCOCO«t^t^»CO0-<J't~>C00-<I,-*f 


ICO         —i  ^H 


PJOD81 

|  ;o    qi3u3T[    | 


,(NOOlNCt>*C»l-t-OJCCCCCC»KO'!CrHOOOOMNOi 


'  CO  -h  CM  — «  CM  CM  -"T  . 


CMCOCOCNCO^HCO^HCOCO 


SaiMOiQ 


■  os 


PJOD8J 

jo    q^aaT; 


mruuiuijv 


I 

I   nmtnixBi/\r 


82« 

was    A'pif 


3,1t!J.»AtJ 


|)JM,),U 

|  jo    q^aa'i 


>  >  ci 

©  o  x> 


a»q  < 


CM  »  •"»•  t~  CO  t^  CO  '00CMO 
OS  »C  r~  t~  O  .—  00  i  >C  00  CO 
—l  CN  CN  —  CM  CN  CN       '  CM  CN  CN 


COCNCN  —i  CN 

•  >  >   •  >  >  c3 

o  o  o  o  o  O  a 
0££c££.Q 


tii—i  a*  P<*_4  &  a, 


•>*  r-  CC  CN  ~  Tf  O-. 
^h  -h  CN  -h  CN  CN  CO 


■CNIMONX 


>0  O!  O  ^  'f  CO 
CO  CO  t~  p-i  cm'  «o 


WO-'OQOf  C 


8~33 

>  6  >  >' 
O  a,  o  O 


03-£   03  03 


i&CN 


^S" 


£S£ 


IC  CN 

I  o-.  CO 


(N-HNN 


a  I  ^  cT1     * 
3  .2  a  -h  I      a 

K  03   03t>        •" 

"2  -2  02  ~  %r  «'  a 

S  O    I    §®   03  «1 
i  E  oS  W)  3  .  r  £  ( 


£:z;q£.  « 


■   i    SB'S  aT-*.A  w>ir 


I   rt    I 


OC W  h 


CM  t^CNOO 


<       <<<      <  <  <  PO  ffl  CQ  QQ  03      PQfflCQ      03 


P  ? 


ate  s  If 

03  a,  o  o 

(QffiffipQ 


^L-PoSj'c^SP 

qSjjor  Si  S  t»> 
®T3  B *  o •- «  fc-  j 

iSilSliSS-i 

>y  •-«  P  Bj)7_ 
ojM^Oto^x:  |  ^ 

3ga.ssg5  |  o 

pKacii-ai 

Ocs    -PcePeS^ 
aJPQ^r  ^  S2  *      3 

.is  ov=  £  S£  a 

BSfgiflrfB 

p°?iu§wl^ 

r.    -  —   OV    3J    «  ^  J3 

t.AUai(-\U*#  os 


1130     •     Yearbook  of  Agriculture,  1941 


S^^^S^-So-SSSSSS  SS**  SSo.H.2  5 
QOODOOOOUOOODQ  DQfiQ  QAQQQ  Q 


Climate  of  Texas     •     1131 


•coo: 


tt  C:  CJ  i 
_  t  -  tt  I 

t-  CM  I 
CC  CM  CM  : 


i  tt  cm  • 
-  c  ci  i 


tt  r~  -^ 
re  tt  rr 

—  CH  N 


[ -."  -  -  N  X  t«  • 


i oocci 


r~  ce •--  - 

■  ~ ■   —.   X   X  CJ  IC 


■C  re  —  id  9 
re  cj  ci  re  Em 


1,72 

2.  93 

49 

.40 

2.  01 

3.  70 

2.  97 

3.  00 
3.24 
3.09 

.91 
1.0.1 
1.00 
4.07 

4.  .17 
4.  30 
1.07 

—  cm  —  —  tt  cm  tt  >-~.  rr  C?.  «-e  —  tt  >-e  x  t^  tt  x  t -  re  te  —  tt  x  tt  c;  x  — 
tt  tt  —  cr.  X  x  i  - 1-  x  x  tt  cc  ^e  u-.  x  x  tt  tt  t-  x  tt  ^e  ■ x  x  —  rr. 

—  —       —  — '       ci  cm  cj     '  cm  cm  »r  re  re  cj          '  —  — '     '__',_-'  —  «j 

1.08 

2  79 

70 

3  68 
1.61 

1.44 
3.20 
1.91 

x- 1 -  '--.  re  cm  —  re  z-.  t -  t-  m  —  —  —  CM  CM  CM  T  «  CJ  r-  X  tt  C=  E  T  X  CM  OB  —  tt  —  —  tt  —  C  CJ  re  tt  -r  re  —  u".  x.  t- 
—  CM             CM  ce  CJ  CM  CM  CM  —  —  —  ce  re  re  — '  — '        re     '  CM  — '  —  CM  ci  —  —  —  CM  DO  re  re  —  —        CM  CM  —  — "  —  t  re  re 

1.31 
2.21 
1.20 
2  80 
1  62 

1  11 

2  88 
2.48 

t-  .-e  cj  x  tt  cm  x  r~  t~  Tr  —  re  -r  tt.  re  x  ci  x  tt  —  tt  i-  tt cj  ct;  »-e  x  cr.  —  —  x  c  —  —  c:  tt  ~  cz  —  ic  —  re  —  x  ~  t-  re  -■£.  tt  ce  — 

o  tt  n  x  2  c  l-;  c  -  -  "-c  c  -  ic  tt  5><c  *»  ~  »-e  re  t~  tt  i-  i-  ~  5  •*•«  ^"  c  t  o  n  o:  t  c-uc  re  c  i-  ~  i-  ~  c  v  ci  x  x  -  t-  »  « 

cm  cm         '  cm  cj i  ce :  ■<-  re  00  cm  —  cm  re  re :  re' :  — "  — '  — ;  ■<?■  cm  cm  re  —  cm  cm  cm  —  re  re  re  re  re  cj  —  cj  ci  ci  —  re  ci  cj  re  cj  cj  cm  re  —  cj  ci  —  cj  cj 

r:  tt  i  -  —  <a  ~  c~_  r~  cm  t-  c  —  tt-  ^e  <*  5*  —  -J.  x  >--.  cm  rr.  —  *--.  r-  c.  —  x  ~  —  >.-.  .--.  x  x  -r r  —  re  re  —  t-  —  c  — 

x  a  cj  cj  r-  B  tt  ru-  tt  »  c  x  cj  r:  c;  ~  tt  -  re  t~  cj  cc  re  t-  x  re  cr.  cj  ob  —  r-  <a  —  i-  tt  x  —  ~  ~.  tt  re  t-  —  >-e 

cm  cm  — '•  — '•  cm  cm  cm  re  cj  cj  — ■  re  cj  re  re  re  cm  cj  cm  ■--  cj  ci  re  ci  re  cj  ce  —  ci  cm  ci  ci  ci  re  ci  cm  ci  re  —  ci  ci  re  re  cj  — 

—  tt  x  —  ~  tt  t  r~ 
tt  tt  —  x  —  —  re  io 

ci  cj  cj  c; -  : . 

1.83 

1  76 
l  66 
1. 60 

1.74 

1.  10 
2.39 

2.  .11 
2.  .19 
2.22 
2.42 
1.82 

2.  17 
8,  13 

8.  18 

3.  00 
1.34 

1.44 
2.  12 
3.77 
2.  77 
1.78 
1.71 
2.  92 
2,  II 

1  91 
1..11 

2.  96 
2.  66 

2  SI 
2  68 
8.  28 
2  so 

1  69 

2  69 
2.  80 

2.09 
1.93 
2.37 
2.  10 
2.71 

3  73 
2.  91 
2.  86 

l  89 

1 .  62 

2,  22 
1  68 
1 .  96 

1  26 

2  72 

■g-  x  —  c;  tt  ~  tt  —  t  t-  re  cj  t-  —  ^-  — .  x 
x  <0  tt  >--.  cj  —  X  r:  tt  tt  r.  —  tt  x  X  —  r- 

—  cm  — '  — >'  cm  •*'  re  re  cm  cm  cm  cj  —  re  re  re  — 

tt  re  —  re  x  tt  —  tt  tt  .--.  —  r^  ■--  x  tt  tt  —  x  t  -  cr-  —  *-e  i  -  tt  X  ■ tt  cj  —  x  re ~  •-""- 

—  tt  —  x  tt  tt  .-e  t-  —  ^-.  tt-  tt  .-e  ic  —  x  tt*tt  —  ce  —  xtt  —  tt«--.  recj  ci  crt-ttc.  —  r  " 

cm  cm  —  —  ci  ci  —  cm  ci  ci  —  cm  re  re  re  cm  —  re  cj  ci  cj  —  ci  cj  —  —  re  ci  cj  re  —  ci  ci  cm  cm  ci 

i:  N  x  i-  i-  cj  *  n  t  c  M  -  re  —  —  x  tt 
^  x  tt  -r  ^:  f  t^  r-  i-  t-  -  c  x  M  r  CJ  c 

cm  cm           cm  ce  ce  ce  ci i  cm  re :  —  cm  re  re :  re  ci 

tt  re  ^--^  —  tt  tt.  —  x  —  tt  t~  cj  tt  tt  -r  re  tt  tt  t~  cj  —  tt.  ci  ce  t vr. 

re  tt  -r-  tt  tt  cj  tt  X  ^~.  x  x  t-  re  —  tt  tt  x  tt  tt- r-eir:  ret-ttc 

cm  —  re  cj  CJ  re  cj  ci  ci  cj  ci  Cj  re  re  re  re  cj  ci  ci  re  ci  re  re  re  re  re  re  re 

t-  ce  <c  tt  tt  cj  cj  re 
-  tc  cj  r  -  :    S  r 

eo  cm"  ce  ci  cj  cj  ed  cj 

—  ttcr;  —  cj  —  uettret^ce-^-czcccM  —  tt 
—■ ■■  x  re  re  x  t»a»O»«000r-e0<©'*'O,*"-i 

re  t»         '  -^  ■*■  ■»*•  ■>»■  ■>*  •*  cm  ce  re  ^r  -^  ue  re 

8,  34 
i  88 

8  46 

2,48 
8.  88 
:;  96 
2.27 
;  19 
8.  92 
8.  62 
8.  68 
4.72 
4.98 
4.  17 
.1.  88 
4,78 
4  c,l 
2  so 
8,  64 
1  48 

4.  10 
3.  30 

3.  21 

2. 98 

4.  17 
4.39 
4.  13 
8  46 

SSSggsSffS 

re  •"r  re  -^  ce  cm  -a-  tt 

x  x  —  tt  cj  x  cr;  x  cs  —  x  t-  o  cj  ^e  cr;  cc. 
- .  tt  a:  cj  -^  «C  x  t-  >-e  —  i-e  rr  —  t~ 

re  re  *r  'r  re  re  ci  —  cm  re  re  tt  — 

2  02 
96 

3  16 
2.  07 

3.01 
2.  60 
1  90 
2.  23 
8,  82 
8  il 
1.37 
i  09 
3.86 

1  62 
4.32 
4.08 

2  19 
1  79 
1.78 
8.48 
8,  30 

1  (IS 

2  48 

2,  64 

3.  40 

3.  60 
6,  o.i 
2.07 

2  68 

8,  70 

2.  io 

4.44 
l.  16 

1  17 

1  III 

3.  Iil 

1.72 

2.88 
.31 
.31 

i  Q6 
2  76 

3.  30 
3.21 
2  87 

8.  09 

1.09 

1.09 

1 .  60 

2.  96 
8  08 
4.24 
1.88 

:  5  :  ■  —  r  —  re  tt tt  re  tt.  »-~  i  -  -r  .-e  x  x  x  tt  re  tt  x  tt  >--.  tt  r  -  x 

tt  tt  ^e  t~  tt  tt  tt  cj  re  ^e  —  —  tt-  tt  tt  tt  ^e  x  tt  tt r  —  t  t  —  —  tt 

— '     'ci     '  ci  cj  —  ci  cj  cj  — '  ci  cj  —  re  ci  ci     '  —  —  ci  —  —  —  re  re  -<r  — 

1  1.1 

2.  80 
1.  10 

3.  86 
1.04 
l  09 
8  on 
1.89 

■--  -  -•  -  ~  rS  H  t  S  S  S  5  S  ~-4  9  -  z; 

KCJVCJCttCK^'-et-C-'-.    X  —  CJ 

—  cj         ■  — .'  cm'  cm"  cm  cm  cm    '  —     '  cm  ci  ce  — 

1.21 

.  79 

2  79 
1.03 

1  77 
.71 

1.71 
'.'  08 
1.77 
.92 
1.98 
2.  28 

3  27 

2  99 
2.  74 
2  09 

89 

.  88 

1.68 

1.81 

.78 

-il 

,86 

8,  ii 

2.88 

8.  68 

.  66 

cj  ce.  t-  cj  c  —  —  o 
tt  n  x  re  cr.  ceoce 

—  CM         CM      '         CJ  — 

-  -  i-  =  uc  c  -  i-c  n  i-c  c  o  x  cj  cj  r  Ci  c  re  c  c  r;  tt  ^c  c  c  r:  c  f.  -  c.  «  x  cj  re  tt  tt  x  <--.  x  t-  t-  ct  cm  i>. 
r;  -,  ^  i  ue  =  x  tt  ■-:  c  tt  x  t-  c cz  ~  re  ue  —  —  ^-  >-e  re  x  —  ^-  —  re  re  —  rr.  —  —  ue  cj  x  -<r  tt  ue  cm  —  c  ce 

_  ^     -     '  — '  cm  cm  ce  CM  CM     '            re  re -r  —     '       re          '  — '       ci  — '  cm     '  cm  cj  re  —  re  ci          '  ci  — '                 r-'r 

.70 

1.96 

86 

3.  2.r- 
1  43 
1.27 
2.39 
1.  11 

y.  —  tt  —  t-tt^ere  —  ~— recj  —  xt-~. 
-.  tt^  tt  ?,  ^  —  re  cj  re  cm  cj  —  cj  re  re  cm  cj 

—  tt  tt  tt  tt  x  tt  tt  ^e  x  —  —  tt  tt  —  —  tt  tt  —  r:  tt  x  cj  —  t -  tt  cj  cj  tt  tt ue  re  tt  cc 

re rCJ CJ  Ci  re  —  —  re  —  rCJCi peOOICIi-»CQCQ*-i^*eOCleQ9c'SC«<NeieQrH 

—  —  -*-  -~  >"  cr.  —  cj  ~  re  x                ~  tt-^-tt  —  —  tt— t-tt                         xc.           —  —  x       tt—       —       —  tt  —  tttt—       ^rxtt 

NNnoK^CJHisSH                 r-  cj  x  x  —  t  —  t  ce  —                          ce  «-e            r^  c  —       cm  c       cj       Crooncc       . ce 

- .  cm  cj  cm  cm  cm  cm                 cm  cm  cm  cj  cj  re  cm  cj  cm  cm                          cj  cj           cm  cm  cm       cj  —       cj       re  cj  —  cj  cj  cj       re  re  cj 

—  ^         —  CJ 

>  >  1  1  -  - 

ZZZZZZ 


>  ^  ^  ^  ^ 

o  c  =  -  z 
ZZZZZ 


ZZ-ZZ^ZZZZ 

Z2CZZCZZZZ 


TT  C-  —  • 


>    >  ■       ^     - 

c  c  ^  z  z 

zz       :zz 


XCII-C-O 


>  ^      > 
c  ~       0 

zc    z 


-  z  S  o  z  -_ 

-zczzc 


a  -  -  a*  a 


-----  - 


^-tt  ~  a 


■L^'J.'^.<S<1Z%< 


*$.« 


i  —      c-.  —      x 

:  i-     ;=  >-'     =' 


.-  <z  u  b  b  C 
£  ^  <  S  £  < 


CM^-         t- 


I    CM     I  — 

'      I      '  I 


CJCJ-ri-re       «-e 

x  ce      ce" 

x  x  a  i  -  co     oo 


■  «o      cm  x      — 


re  T  ■«• 

XXX 


•-e       x  tt 

S3    :;£ 


CJ  tt  I  -  ^  ~  ■ 


l\    -?    = 


1- 


lis 


s  =  -z 
'-  S  c 


i*^c 


-Ctt:^  -"=  c-  3*  ~.± 


i      s 
a     3 


-  -      o-r  -  g        -a      _ 

C£    :•;■;:     ';';r;    ;■;     r^    -  =  = 


a     -  * 

2     1 3 


~z:     E     PQ| 


= 
=  a 

-   I   3 

=  ~  - 


1132     •      Yearbook  of  Agriculture,  1941 


renuny 


.INt^: 

•S  —  s : 


iCNC?f'--<l 


N?iKC)-«'^:--rtMrifJNN 


I         . 

jaqmaoaa   I    ^ 


aoo»-ic<«)C<t^t^«-teo-«*<oiaiaoa»c<»"<ji-»»'oait^cO' o  >o  a  cm-*i^xco:occ-*<>h 

bo  c5 t~©  ao  »>oio-*eo  «  »-  "dteo  aoa»  •©  ao  ■*  eo  o  e»  o»  r~  oo  »h r- 1-1  <o  i-t  o  eo  ■*  h  ao  in 

co *3     " cd    'hco    '  "3  »o  ^h  i-i  pi  i-H  r-i  cm'  in  co'  cm'  »-i  cm  ^  r-i  *-<'  h  h  in  re    '  cm  ^  ^  »-<°  co  cm  •** 


j  jeqraeAOX 
1 

jeqopo 

1 


»£; 


oe*-<s<eoeoeot-ib-<o 


C  *  c  K  c  ~  i-: 

^  N  C  M  M  C  « 

co -;  cm  co  cm  cm  cm 


-  DO  H(S  «  tH  I 

*  n  •-  rr  -  n  i 


O  ?C  N  OS 

i  cm"  cm  co"  co 


cm  co-^r  -  x  c  n  ^ 

»OOOTf<eMCMcOOOO 

r-<'  cm  »-i  cm'  — i  co  cc  cm 


jaqtnajdds 


NINMNN! 


S3! 
cm  •*  • 


:cCt^^t^CC  IN 
i  CO  CO  PI  — '  N  CO 


NMNCX3MC' 


o  CM 

)  COIN  CO 


OfflKO 
?4  IN  CO' 


CM  CO  Cm'  CO 


y—  CO  C5  OS 
t^OOOTH 

CM  CM"  CO  CM 


jsnsny 


;  I  -  —  —  cr  >--  -rr  bB  ic 

.CMCm'CM'cm'in'iNCOIN 


N  C  C  r:  r:  ^  ;  : 
EC  «C  I 


i-O  X-  CO  IN  -"J"  I 


r-i  fi  CM  CM 


AlTlf 


,88s: 

|<N  CO< 


<  O  O  C  CS  IC  X 
.  -*«  ~~  r^  -— :  X    — 


-N?f XNC: 


KNCXCX'WMO'HlCNlO' 


NO««COiONH 


!  N  w  M  N  l~  c  -  CM  . 


CM  ^h  — ' -H  CO  CO  IN 


INL-CMCXt-MCX 


antif  ]     e£ 


CM  CM  CO  CM  CM  CO  — 


Hi ~  X 

'  -^  CM'  CO'  CM  CM  CM  CO 


CO  CM  CO  CM  CM  CM 


x  ~  —  : 
cm  cm  co  : 


OC  CC  CM  t^ 
CM  CM  r-4  i-J 


O    l—   >C    ~- 

CM'  CM  CO  CM 


a^K    I     e~ 


Neoo*prtO« 


co~i 
•<«•  iC  cm"  TT  cm  co'  ■* 


coc*. 

—  K3  • 


CMcOt^CM-WCSO-^CMOCCCS 
OOt^COOCMOCCMtCOOCMOC^ 

IQ  — -  — '  —  CO :  CO'  CM  CO*  CO  lO  l~  CO  CO  CO  IN  CM  T)<  »0  lO 


yudy 


I  s3 


CNNN«W<r(50l 
t-  CC.  X  CC:  CO  X  <tf  X  CO  ( 


OX-CN 


T-^CMcoacccr^-.^t^r^iNor^oO'-' 


-L:r:C)Mr-C:CXCCNf)NNX^X3CCb>-CrHM»0 


CO  CC  CO         CM         —  CM 


1-HNiHrtNr- 


CM  t-i  r-i  r-i  CM  CM  CM 


AJVtuqej 


-o  x  co  co  cm  cm  to  >c  r~  cr  cm  or  ~  ~  \z  —  ie  vr  —  ~  x  x  to  lo  —  ia  co  oo  —  < 

^  CM  C-i  CO       ' «      '      'CM      '  CO  CO'       '  — '  — '      '  — '  — '  — '  CM'  — <'      *»H)  »H      '  t-i'      '  — "  IN  cm' 


'Ccjo 
cm'  <n  cm" 


£reTlU13f 


CM  —  CM  —         Hi 


I  —         CM  CM         —         l-«i 


pjooaa 

I  jo    qjspaq 


.  ~  X  x  c.  a  : 


~~~~¥.^- 


IQOlCONQOOOCIiHOOajQOHONaNOQIi 

■  CM  —  CO  CO  ■*•>         tM         MNNTfTf-  ■*•  CM  CM  -*-<».  CM  ^H 


SniMOJO 


CO  —  X   CM  CM 


>    >    >    >  J, 

z  z  z  z  -^ 


]      pjooaa       |     vi 
1  jo    gggnaq    !    >< 


nTnraraijv 


nmtnrx^jv       ■*" 


-jaAV.     A]T1X 


afeiaAB 
.«  j  b  n  u  b  f 


pjooaj 
jo    qjsuaq 


tt  l-  CM  CO  X 
CM  CM  CM  CM  ^H 


ii<i- 


rr  -—  r^  it  t^ 


•<*<  00  »C  00  i-l 

i~  CM  rr  -^  i--" 

— -: 


—  co  r-  X  X 


-.r  —  X  X  l- 


ooo»ococo«o 


*i  6  ei  ci  d  > 

■^  ~  ~  ~  -  z 
OQ0Q02 


►-<  o  !3  ©  Ow 


ss 


—  X  CM  X   ~.  C-) 


-lCI.M-i 


cc  — 

^-  IC  I 


?!  "■=  CM  S 


H  UO  O         "^  >-0  X 
•J    >    >  >    >    > 

o  o  o      c  c  c 


•CSS     3  fe^ 

^  ^  ^       ^Z  —  c 


CCt-—i 
CO  SO  d 

L--     —    L." 


cr       z:  rv  : 


>  > 
O  O 
22 


CO 


?.  3-  = 
-  =<  " 


~  -7  -       —  —      -  ^-  '-'  --    ~~   -     M  "r      —  —  k^ 


-     . 

a ,2  Bga 


slllllll* 


■si 


■sSSS-si 


■-  •-  -i  =  -  c  u  c  -  -^  -i  -  S  S  a  -  S  b  S  S  S-hI-2,3 -g  333  S  o  3  ©3  o  I 


T 


■ n  o9  eo  ec      £«oo 

:  — —  ^        ^^^._. 


ea      ca  co  cd  1..=  .=  -^       q  S 


-  =-cc  r 

=  =  ■>  > 

ce  ca  cs  ca 


Climate  of  Texas     •     1133 


CO  OS  00  OS  CM  M  O  ' 


)r^oao«":r^'Or~osoocOrHcocOTt'r-.cO'<*<rHcoocococM< 

}N»OO-,t-t-^00«!0NTfH00lG>O(v5t.o®O<O! 


'  31  QO  CO  I-  IC  31  ( 


CNCMCMr-c^cococo^-vcMCMCMCMCM  —  cocMCM'H«-rj.-r><co'o-*CMCM 


rH-H(N       ""   rH    t£   , 


iCOMNMINCM'O'tJ'CO 


CO  31  O  r~  ■ 


S3 


—  OCMiO00CM«O00r-  ( 

CMoo»coocCTfr~oo»o< 


00<NihM«>OCO>OO>u5M>C 

»01Ct>OOOCC'*0®f  ^ 


CM  CM  co  «c  -h- 


—  ioic-H<co>o»OrHrH 


COCM         CO  — 


CO  CO  CM  —  rH  , 


ccc^ocecK-  coTriccoTftM 
•3r  os  co  >r:  «-~  •<*  co  — ■  co  —  t~  Oi  co  >c  oo 


CM  3-.  CM  O  00  CO  CO 
CM  —  CM 


'  00  — I  t-  — ' 


t-  oo  . 

Tj<  — (  ! 


■  31  -<r  —  CM  '35  CO  < 
icO  -h  CM 


—    —  CM    CM  —  —  CO  —  —  COCO  rH 


CO  00  CM  CO  ur. 


CM  O 
31  «C 

r-iCM' 


.mooaicNcir. 


i  CO  Tf  00  31  • 


CO  31  00 

—  cm— 'Cmcm-hcmcmcocmcm'cm'cm 


i  c  n  ai  rt  cn  a  ' 


CM  3s  t~  ' 
CO  CM  CM  I 


(XrHrHaCOtOOlClP: 


■  31  O  31  Oi 


'  t~  CM  t^-  t^  —  COCOiOOOOOCMTtiTfCS 

I  —'  CO  CM  CM  rH  — I  — ;  — ;       '  —.'  CO  — <  CO  CM  CM  CO  Cm'  CM  CO  CM  CM 


cdcO 
CO  CM 


i  r~  —  oo  CO  t~  < 


'  IT  CO  31  CO  t~  t~-  31  CO  CM  •«»<  t- 


CM  t  ~  CM  ■*  CO  — '  *? 


CM  ««  -rf.  —  -^  t~  I 


•  t^  CM  CO  T  Tf  t~  t-  i 


iCMTfCOCOCMCOCOCMCMCMCMCM. 


**■  CM  CM  TJ<  CM  CM  —  CMCMCMr-CMCMCM-^TjiCMCMCOCMCM 


«.-■  QO  O 

31  *C  3S 

CO  -h'n'h 


3s  iC  —  t^.  CM 


00  «C  31  31  ^  I 


>c;oocMCMcof-3i'«r  —  "C1 

j  CM i  —  —I  — '  —  —  — 


i<c«o-»i 


I  CO  CM  CM  CM  ■<*<  CM 


I  O0  CO  CO  tH  —  t^  31  O  CO  CM  31  t~ 
!1>rt00O01O<N0)lC^CCO 
'  CM  CO  —'  CM  —'  CO  CM  r-H  — «'  CM  CM  CM 


«C  CO  31  CO  O  CM  ■— 

—  tf^  00  CO  CM  —  O 

•^  —'  —  CM  CM  CM  CM 


CO  t~  CO  31  CO  00  CM  — 
OlINCNC*'*'- 
i  —  CM^CO'CMCMCMCM 


:-  -  — 
ic  r~  co 

—  CM  CM 


CI-tCOHrti 


CO  •*><  CO  CM  Tf  Tt<  . 


i  O  "f  lOOOCO  I 
i  CO  CM  Cm'  — <  —  ( 


t!"  CO  CM  CO  CO 


I-  X 

co  — 

cm  Tl 


lO  —  OS  < 
CM  CM-  CM  ( 


J  31  t^  CO  CM  t-  CO  CM  31  t~  —  CO  l 
:CC-<r31t^-<*<^<3100CMTt<3!< 
:CO'c0CMCMC0'CMCM— CMCMCM 


'  CO  I-  CO  TT  31  CO  ' 


i  CO  31  00  I 
i  CM  CM  CM  ( 


CM  t- 

I  CM  CM 


-Hr-rtN  CM  CO   ■ 


rf  CO  00  •*  CM  < 


(~  CM  ' 

'COCM 

!  co  io 


—  31  CO 
:  CM  t»>  00 


CM  iO  Ol  Q  : 
rH  t~  00  OS  c 


>  CM  CO  31  31  —  CM  —  : 
I  l^  CO  CO  CO  »0  OS  O  ' 


CO  "*  —  OS  -r)< 


:ic'-!};CMCMCMCOCMCO'«»,COTj<Tj<TfCOTfCOCMCOCM-^( 


•rp  CM  —  —  CO    CM  >C  —  CO  CO  CO  ■*  CO  CO  -rj<  rf.  CO 


ac  t-  ■*  < 

CO  CO  •*  ■ 


lO  00  "0  OS  00  OS  —  OS  i 
rH  CO -OS  CM  >C  OS  t-  CO ■  < 


t  CO  CO  31  31  CO  CO  iC  ( 


■*  rt  fJ  (C  N  CC  i 


•  C  O  ■*  C  O  CI  OO  : 


t.  oocM^ooit-^CMCMoo-;  ££235"  £3^t  SS;N3l2S9fc 

--O  31  —  —■  OS  OS  «C  OS  O0CO»O  OS  CO-rrOOOSrHOCMCCCO  —  OOrHOO  —  OS 


CON^t-iOCI-iONCOOl 
OS'<tf'00C0>O3SCM00"*'r-CCTfT*«33r-i 


CO  CM  CO  —  —  —  — ' 


i  CM  CM  CM  ■*  CM 


—    _  CO  —  CM 


—  CM  -.CM 


—  ta  io  co  o  o  cm 

I  r*  -i    _'  CM  CM  CM  CO  CS 


CM    —  —    CM  — i'  — I  CO  CO  . 


\|  — c  — I  — I  — •  CM  rHCOCMCOSN-<TCO— "  —  pr;  —  _  CM  rH  — I  CM  rH  — I  CO  CO  rH 

DC031M>>OiCCCCOOOt^CM— (  — <  — p  OC  IN  31  V  31  CC-".  IN  CC  CI  CN  l>  Tf  i^  I»  ■*  -w  u:  V  31  00  ■*  c<  ic  O  CI 

cr^«icooc'*c>cc>:cN«noc<:o^ci^cccc»'*cC'*  -f  co  co  co  co  o  —  -^"cooooocooo 

vj   ■  rt  — !   ■  — I   'CM   '  —  >C  >0  CO'  CM  >C  lO  —  — I      '  -^  r-'  «  '  CO   '  CM  CM   '  CM   '  — ,'  CO  «5  *-i 


ical)ir,0( 
t~  CO  i-O  CM  I 

CO  CM  CM   '  • 


iC  CO  ■>*  CM  CO 


•r:  O  OO  31  CO  t^  —  31  31  —  ~  CO  CO  00 
CM^CmX^CM^CMCMtT'^'-iCM^ 


COCOOOOOOOOIOONOSC 


(N-HON!0NI-CH3S00CrtCTfir.01M*!0O 
r-lMTfNrtlNtN'VrtFHCCTl'-HWCC-HCNINCCCC'* 


CM  CO— IH 


>  CM  CM  CM  CM  CM 


CO  —  C  "^  «  CO  CO 
iS  f3ll^  IQ  CO  — 
CM  CM  CM  CM  CM  CM  CM 


CM  CM  CM  CM  CM 


IO  CM  *f? 
CO  rt  CO 
CM  COCO 


>    >   > 

o  o  o 


:>>>>>>>ci>>>> 

lOOOOOOOc^CCCO 


>  >  >  c  > 
o  c  co  o 

a:^^:  :!z; 


>  o  o 

Oil 


—i  00  00  CO  CM  >o 


O  o  o  c  o  o 


>  >  6 

O    O    CL 


t>  > 
o  o 


£:>s 


CM  — (  ,r^CM 


lass  ^3S3xi£  gag, 


s^-<ss 


fe  ^  ^  ° 


Ss 


CM  CO  CM 


^^fe 


SS 


oo  oi  >c  "O  c  co  oo  oi  oo  a  cc 

'  CM  rH  —  TJ.  rH  CO  CO  CM 


!SS 


■-  O  O  >0  O  ' 

«HHCC*. 


CO  t~-f  CO  CM 


I       I 


CO  ^<  >C  CM  31 


rn  3S3S 
co  c-ico 


CM  «C  31 

CO  t^  ^ 


31  t~  -rj<  3S  3S  00  >0 

_:  ^J,  ^;  uz  cm  co  co' 

00  00  00  00  00  00  00 


t^  CO  t--. 

r^  CO  CM 


CO  00  CM 

r-'tO* 

OOt-00 


3-  —  CO 
•rj!  t^  t^ 


Tf  CC  T.  I-  -  O 
u-'  uj  M  9)  CO  >r 


CO  CO  as 

CO  00  CO 
IC  u~  cc 


lOCO  CO 

i»icoo 


00  «0  CM  I  -  CC  00  i 
—         CM  CM  —CM. 


rn^i 


a 


t^ 


_  £  a  2  c 

i  i  ^  -f  t  ■=  c ' 

—  c  -  =  ~  —  ^ ' 

-  0  S  ^  C  i^  - . 


S  ~- 


o  c  *•  ^  cw  c 


SO 


sfeo^SsIJiBSSg 


_j;  cjo.cjj;  bt^  5  r 


5 .2  ■- 


||  g  gap  wus-ilMS-si  § 

c3    •-,  w   Xl_.-^->k-_,_    ^.^ca^H^MMor- 


3J   C 

K_ooaJc3a;.Xi«-if3 
Oa.a-i(H«-,^fc.3oc 
r     r\    •  >  ^  m  >< 


<v  a  a 


^-.  L^  ^~ 


a,  S 
a  5 


;l  §  1'ilSflfgl 


a.      «-  a  ta^  t  *  v 


ss 


^jse-saas    sl||||   |2|   Jig 


1134     •      Yearbook  of  Agriculture,  1941 


IBtinuy 


:CCCONM 


CCNK-MO^C-I-M^OOKCOO:' 


(NNNNINMKlN'HN^'-ilNMrO^NI 


joqraaooa        ^ , 


irr.-O'-CNNrtOOftCC.COW 


i  co  co  r-  o 


=  ?i 


re  CO  00  O  CM  CM  —  ( 


(DNMOiNCtNMKlCtOONl 


ii-h        —        N(Nr<         —  - 


ilNMiOMrtrt        CO  CM  ■*  Tf  CO 


JoqtnoAON 


i  oo  «©  >o  ca  eo  ;#  < 


joqoioo 


"CfNCCiCOCCiCSCCCXClNNCCitlClNNCiCiCCKC 


icMCMPi  — cm  — cm  — cmcncm 


)  CO  CO  •<*"  C5  ■*  "f  < 


joqnra'jdas 


r-.  -X 
ic  >c 

ri  ci 


s^§; 


'  "9<  CO  Oi  CD  CM 


»,CMCMCM-  CMCMCOCMCMl 


00  CD  C  CO  CM  (M 
CM  CM  CO  CN  CM  CO 


CMcecoococroi-^r^CMi--occcDCO'?,co»c 


CM  CM  CO 

co I  cm  c-i  co  cm 


ooccco 


jsnSny 


■  80  ~' 
i  —  CN 


'H03>'305Me>OCeX'-|Mr-iClNNCCNO 

cm  —  ei    '  —  —  cm  —  —  cc^'pi  —  cm  —  cmcm'cm 


co  r^  c:  —  -<j<  i 

t^  OO  CO  1C  C5  I 

— :  — !  co  pi  —  - 


i  N  w  d  «'  - 


Aw 


co  cs  ro  oo  -<r  — 


'  ©  <©  o  CM  ->»-  1^ 
—  —  P4PiCM  —  CNCM  —  PIPJPIPICOPi  —  Pico  —  — 


?,* 


©  ro  ic  oc  co  co  © : 


-<»<  ■*  t-  co  >o 

NCSCOtCV 

pi  co  co  Pi  ci 


eo  —  i 
pi  pi  l 


Ncecos 


COOiCl 
CO  Pi  i 


co  —  — 


anxif 


Mrtrt-Di^ClONCI 


lO  CO  ( 

ipipipipipi  —  pipipipipipipipii 


■*»<  —  00  t~  «3  OO  PI  < 


©  ~ 
tN  pi 


R? 


PJ©  PI00© 


CO  CO  CO  CO  CM 


©coSi 

—  CO  pi  . 


&KYI 


iOCMOOO^h-^CMCOi 


i  ©  ©  —  •*»<  t*- 
i  OO  CM  CO  t^OO 

iWCM^CMCOCOCOC^MCN^Tt<TrcMro^cMCM^-^lOCOp6 


»o  tj<  co  co  »o  «;  co  t 


OJCNNOOiOOCNNN 


'  —  CO  ©  CO 


s; 

—  "*'  CO  < 


iuclv 


;cocm< 

i  CO  CM  l 


rHCO'OOl'-'^OCOtXCCOC.NCD' 


)COMNCOONON>OM01 
irji      '  —  —  pipi— 'picO-^Pi  —  —  ■■*Pipi^"^"<rPipi 


'  CO  lO  CO  CO  O  CD  lO  < 


CO  X  i 

pi  — i  i 


qojBjAi 


■  OCeCCtCOOMi-«»NOC 


ICCCCCCOXCCNV^OIM 


00CMiO< 
pi  CM. 


oxa 


MNrnOSINXOKCNNOM 
COC»T}<CMTt<Tj(o0O0-^<a0O0CO 
C\|  —  tj!  —  i-<  —      '(MCMCOCOCO 


"^  CO  ^"  CO  " 
■<*<  CO  O  00  c 


jSjetuqa^ 


»OC0001NNNOCOO)00»I 


;»ONCNiC 


©  ©  cm  r- 

©  t-  CM  CM 


—  PI  CO  CO  "0  ' 
iWCOCSO! 

CM  CM  CO       '  —  i 


CO  CO  ©  CO  ■ 
1C  CM  PI  CM  ( 

i  CO  CO  CO 


^jBnnBj1 


^•CiCOCNiCK'  —  CNiOCCtCCO 


r^fccccscce 
x  k  c  n  cc  x  c 


CM  —  tj>  —        — 


CD  Q  ' 

-r  —  ' 

pi  6i  i 


paooaa 
]  jo    q}3nai 


■  X  X  C  C  K  CC  C)  C  M  N  M  C  E  S  -f»  CI  N  rt  ( 
iPICO—  CMrO  —  —  PI  —  —  CO-*!"  —  •fPl  —  P1P1CO- 


OXCCiOrtMXOI 


£r. 


CO  CO  CO  —  ^*«  •<»<  t 


Sg      3niMOJ-o    j 


*  PJ  •* 
HP}  PI 


-ccoo 

OXTf  Oif 
CM—  CM  CO  CM 


!JS; 


i  CM  »C  —  ©  t}< 


-nss; 


>  > 

c  o 


>^  >  o  > 

OuOSO 

£ozq£ 


p  p  C3    p  C3  ^   C3 


jo    q^gnyi   |    * 


OOoOCOoC-OOOOO 


2^22-S5pl^2e^'°pleo00 

prt^X"c;*p^^   C3~" 


CM  CO  OC  ■  O  CO  O  00  ■ 


?!r,5?2 


t.icchkin  i  —  t^  c;  C2  r~ 


SSg^iS 


ZZZZGZ 


w   -^  rr   to  — -   to 


>  >  >  6  6 

OCO$e 


8^2 


SS^fe 


amrainip^ 


.  »0  00  00  CM  CO  1^  CM 


■<J<         CMiC. 


I      '      I 


I    ;  i 


I  .C35>-O^iCO0CMtJ< 


OSCMiOOI^^OOCO- OS  — 
O  —  — i— iO— '— i— c— cO—" 


C*  ^CON 


-JOAB    A\n£ 


.  co  oo  oo  o  t~  —  as 

-^CM  —  COCDCOCDCM 

o   ooaoaor^aooooo 


"CiCt^OOOO  —  occoc—  t^csco 


coco  oc  oooo  oo 


33«J0AB 


.  O  ■*  —  CO  C5  CO  t^. 


^iCOI^fOr-XCXXN 

ir^  cd  t^  »o  —  - 

1  CO  ^J<  •«»<  -^<  tJ<  ■ 


PJ003J         ]     >;S:Sg§"sS32S 
|  jo.   mSuaq    |    >i 


-  N  l-  c  X  C  C 


DNCOX 


-/-  _/-  I-  DD  '/.  x  x  x  X  QQ 


5  O  33        03  09        as  a 


Climate  of  Texas     •     1135 


i  a  «  k  ■.* 


tc  uc  CO  — '  CO  O  i . 

Ooor^coCMt^oicdoCM 


■V  — .  —  CM  (N  CM  CM         ~~ 


cm  co  oo  >o  oo  t  >-":  oo  UC  r^  oo 
co  co  ~  ~  cm  cm  ~  — '    '  .-i 


r^  cm  r-  r OVOlCi 

CO  CO  CM  CM  CO*  CO  CM  CM  --'  CM  — 


«MeoQCOooioao 
iCBCeocmcooooioocou-: 

!  CO  ci  ^  CO  DO  CM  — '  — "  CM  CM 


X  C-  CM  1 
CO  CO  CM  . 


—  c  r;  — .  cn  o  c-  r~  x>  oo  ic 

■^  CO  CS  CM  CM  CM  CM  CM  CM*  CM  CM 


rOCOCOCOCMCMCOCO  —  COCM 


•  wo 

:  —  CO  CO 


'  ^~  2  >--:  oo  o  cm 

!  CM  CO       ■  CM  CM 


CMCM  —  —  CMCM-hCM 


VCNC-  O  CM  00  CO  CO  CM  ~ 
CM  CM"  i-!      '  CM  CM  <-i  —•'      '  pH i  rH 


•"TCOCOCMtCOCMCO         OO I 


CM  CM  I 


COCM«CM  —  CM 

>  >  >  6  >  > 

o  o  o  co  c  c 


fi f-    «-     n     -     — 

O  CO  00  ec  CM  t~ 
•»r  co  —  cm  co  co 

CO  OO  CO  !C  CM  o 

I  -  i 

=  -K  "2  S  J^  o 
«G  CO  O  CT-  r-  CM 


00  CM  CO  CM  ir_  t~ 


>  > 

o  o 


ilOCO 

loooo 


1136     •      Yearbook  of  Agriculture,  1941 


3      bfi  © 

»    ©  o 


iff* 

3  5    J 

5  ^   a  a 

M  -2    %a 

S-e   as 
£  -c 

^      C    © 


aa 


go, 
3.9 


OlSo)OOOOOOOOOOHHHHHHrtHrtH«INININC>l!NM«NaMWCOMnMWMM 


f)H®(o»>oo)tioic<NOco*ocion»N«Qoooooa'*oc 


I  CN  CO  • 

)  05  Oi  CTj  o  < 


rHNWTfi'0<ONI»OiO'HNCO^"0©NW 


'^C  X  CO  ©  CO  ©  < 


lOXMrtOOOl 


iOmcNM^iOCONOO 
i  co  co  co  co  co  co  co  co  co 

i  C^  O  Oi  C73  C7i  O-  Ci  O  Cj 


S  o 

is 

(H     © 

a© 


co  r^  oo  01  o  .-«  cn  co  ■ 


"O  CO  N  00  Ol  I 


rfti-i  ot  >o  co 
i^  a>  co  cn  i-h 


OOl'OffiOO) 


OD030)CON'-'OC»mOrtOI'-Na»rttNOOO'005T)<r-l050CONOOrtO>a 


lOOOOO  O  ! 


010'-HNM'*>0(CNCX)010"tNCO'>J"OtONI 


^COCNOJCOCN^COCOCNCN 


■  tONNNO 


I~  o  "0 
"0  CN  CN 

CN  CN  CO  CN  CM  CN 


?.©- 


Q-S^a^o-qag-oo© 


Oll^-  ox 


Sga 

.9-cS: 

>  as  « 


"SXOglNiOONlOOHOCOON! 

^t^cecoocD-^TtiTfcoos-fco-^t-T-i; 
^^ft^^^SSSk;£^fefeS2PE2^G^^^^«^^rt'^«^^^^^»^^»^oco^cdi 

^NM*MmeON«lNC<5N«MN^NeOMm^MMMMNNCSmMeOWrtN^MNM*NtN«( 


Climate  of  Texas     •     1137 


i  nose  as 


,ON  COOSCN 

l-*r  co  co  t^  »-> 

^CM  CM  CM  CNCM 


.  CN  CD  »-.  OS  -S*  — 


C^CNCNC^CNCNCNCNINCNCMCNCNCMCOCNCNCNCOCNCNCOCN 


5  i-i       i  i-l  CD  CO  OS  CM  t^  T  O  tf  O  00  O  CD  >0  OS  Tt<  iO  CO  OS 
<N       .CMr*         CN         CN  ^  -h  _<  CO  CM  •"->  ~         ih^nnn 


2  <s 


cs  —  coco 


r-COCO   C 
— I  CMCN 


££££0 


COOS-'CPCOi-i.-iOOCO 


d  t>  O  d  u  d  t>  ^j  d  l>  l>  J  t>  ti  1>  o  6  d  l>  l>  d  d  d  *  d  d  >  u  6 

4lOO4(0BI»OOoeOOoOll)O»ilitOO*t'l»O«OCjl0) 


s£s£ss«2s£«££«2  igsssSsSfi^sssSSssfiSssss 


,  UOs^S 

3tn  avoid 


5o«o'ONcNNeo«oooo:«NN 

5fcNCMCNCN-i.-<CNCNr-iCNCN-iCNCNCNr-i 


loaor-oiTfaoON'OMtooot-ccoatD 


i  CM  CN  CM  CN  I 


'  CN  CN  CM  CN  — ■  CM 


»JS 


OOOOoyOcvOo^OoOcjO 

zzzzoozozozoozoo 


0SC0CNCN00'>rOi»'00  0SCNC0C0riCNc0»O00 
i-h  CN  i-H     \         "COCNCN  CNCOCNCN         CN 

OOZZOZOZOZZZOOZOZO 


C3  33   C3   33   33 


u  «-•  >»  I 


a  a  "  a  a  ~  _;  ^  ^  ^  a^  a£  a  a  a£  a  a  a  a  a  a  a^  a  a  a^ ^  a*  &£ 


I  [106806 

Siu.yyoiq 


•S.O  HMVH  CO  —  TCO00»CC0'f00l:~CM00>^O.  t- 
5cNCNCNCNCNCNCNCMCNCNCNCNCNCNCNCNCNCNCNCN 


"T  00  OJ  30  OS  CM  CZ  I 


MIN-*'*IKcNCOCN*>OcT<(NOOC»i'".  ^fCCOO 
—  —  —  CO  CN  —  —         cmCMCNCOCNu^COCNCO 

OOOcUOOOOOOdio^OooOOoOO 

ZZZCZZZZZZOCOZOOZZOZZ 


0)T3  ©OOOCOJOcbCBO 

;Q  ;QZZZZGZCCZ 


CMi-~0'0»OCNLOt^OSCN''t"aeNCO»000«00^«»C  — <CN>O'<fOSCl0»O.—  OS 
CN  CN         CN  ~  CN         CN  CN         CN  CN  *->         CN  CN  —  CO  CN  f->  CN  —  CN  —  CN  •-. 


03  03  S3   S3   33   S3 


§§§S§SS.SSi2SfaS§§-<S§Si2S-<-<S§S§SS-<fe§SSSS 


§uia\oj£) 


cn  f-  co  a-,  as  r- 

rt  1C  CO  —  CO  CM 
CO  CN  CO  CO  CO  CO 


iC  IC  iC  CD  CO  *C  00  I 
.  .-,  CO  CC  C>C  ■*  CO  N  (.^  */ 
eOCOCOCOCOCOCOCOCOCMCOCOCMCOCOCOCOCOCOCOCOCOCOCOCNCOCO 


"O  i-i  i-i  CM  CN  >0 


ss 


las    loco 


:s  ;  ;$? 


iZZ 


S  o  O  >  q  o  O  O  O  o 

rn-tT"!  n  o  r-!  "^ -^  "^  ff> 


OT3T3  O  O 

Z  '  :zz 


>  o  o 


QZCZZ 


0OX)rOffl»CT'^a)OT3iiO'O 

GCZ    ' 


:0£   :QZ 


JD  X2  33  ^  -^   C  ^  -^ 


[.O.D  a^  c^flfl 


-oS«S£ 


i  aoseas 

SUIAVOJf) 


§,-*  ^C^00asOSOC0t-CMCDC--a--CN>C--i^iCOC0ast^CMC0^it^Cl0Q0C000CDCrcCCS^' 

~  as  5oH«NQHXO>90>QaxacftO>c9XOHgp.n«! o.  o  cm  co  co  .— 

5^-CMCMCM^inCMCM^i  —  -^^-CM  —  n—n^-'—  '-CMCMCMCMCM^-CMCM^iCMCMCMCMCM; 


E.2 
E 


r-  OS  CM  CO -CO  —  CM  CO  T   t-  —>  CO  CM  i 

^-    i-H  tH    cm  cm  CM      CM  CO  CM  CM  r-  ' 

occCoo^oc-o^^ooooCo'^oO'OcooooOOOocooo 

ZZZZOCZOOOZZOOOOZO  ,oz   :zzzoozzzczzo 


o  o 

zz 


a  a  aj~  a  a  a*  a  a  a  a„2  a  a  a^  a=2  a  a  a  a  a  a 


Q    TO   q^  ^   ^  Co   CO   cd   C3 


<s 


t  uossas 

SlIlAYOJQ 


2>CC  fM>COCN«-OMCN^«CN«CNCNMC^"nCNOf 
^CNCMCNCMCNCNCMCMCNCMCMCMCMCMCMCNCNCMCMCNCNCNCNCM 


CNCNt~CO000OCO00CC>O, 


t^^CN-r^oot-iecNCNi-t^ioot-aocN       Sf  cxx  as  co  as  -r  —  i-  w  co  c 


85 


OOcUCUCCcv'oO'ECOoOcOO'cvoCO'OOOO 

ZZQCZZOOZCZZOZOZZOOZZ  ZZZ 


OoOOOBOOO 


CVCM 


5_  S3   33   33 


aJ3  a 


33  a  a 


CO  33  33     -o 


^2  S  IS  S  S  <%  <*  <  fe  2  2  S  -<  -<JS  S  2  S  -<  -<JS  2  S  S  S  -<  -<  fe  S  -<S  S  S 


os '  o  — '  cn  co  -r  «2  co  !_;'  oo  a-  o  ^-  cj  ro  -r  ■-  so  i  -  r-  a-  —  —  t;1  M  S  g  S  fc  »  as'  c 

>i  ?.  ?  as  as  as  as  ■? .J  S  ?.  5s  as  5  a-  a  r-  a>  ?■  as  as  as  as  as  as  a-,  as  as  ir.  as  as  a' 


—  ci  co  -t- 
co  co  CO  c«- 
o-.  a.  as  a 


1138     •     Yearbook  of  Agriculture,  1941 


noshes 

Days 
308 
260 
265 
281 
275 

CMt^ 

i-H  CO 
CM  CO 

CO 

Shtavojo 

*r 

a 

!  CO  O  CO  00 

i-; 

co 

s°  "3 

©    .    .   .    . 
a  >  >  >  > 

© 

jj  p 

u.  cj 

o  o  o  o  o 

o  o 

CO 

"be 
ca 
W 

£ 

zzzzz 

O^ 

a  be 

NNOO-tC 

-~  UO 

CM  i-H  CM  CO  CM 

CM 

co  ft 

xi.fi  x:  flX2 

CO   CD  CD   2   CO 

^<1 

iJ  w 

HOSB9S 

|^2S2S 

ION 

co^t< 

T3 

SUIMOJO 

OCMCMCNNN 

i-H  CM 

3 

a 

a 

a 

lOON^N 

00 -^ 
CM 

'■& 

o 

a 

JO 

00 

p 

o 

w"ca 

>>>>> 

-J   > 

o 

O  O  O  O  O    I 

w  o 

O 

£ 

zzzzz 

OZ 

g 

.3  fc0 

CO  CO  O  00  OS 

CON' 

CN 

© 
© 

lu  Pi 

CO'E 

ca  p. 

£     >-,'    (J    !^    (-' 

*  ftftftP. 

CO 

H  w 

©i 

U0SB9S 

jJn  io  co  co  ic 

Q  00 
CM  CM 

1 

ca 

SUTAiOJ£) 

*=  CN  CM  CM  <M  CM 

© 

©s 

a 

CN        CN 

8S 

"& 

a 

C3 

|i 

o   >   >   >   >    \ 

CO  o  o  o  o 

o  © 

CO  S 

"3  £fbo 

£ 

o 
D 

X 

Q££££ 

Ofl 

"3  MM 

©> 

8 

.S  t* 

OO—i^OCO 
CM  CM         CM  i-l 

S^ 

©  ©  ft®5 

Up3 

3     3 

c3.a  o 

.5 

U0SB9S 

£  oooo»oioo 

SOne  co  CO 

ro  >o 

.O  CO 
CM  CO 

1-5  CO  1-1 

1   1 

3UTM0J£) 

*  CO  CO  CO  CO  CO 

1     r 

00    -5 

o 

a 

!   i    !    !«o 

;     i     i     i  cm 

10  u=' 

co 

a 

1§3 

©III 

a  o  o  o  o 

OXfOT)  © 

.   © 

>  a 
o  o 

1 

14 

£ 

*  i  :  :Qi 

zz 

8 

PQ 

fl  tuO 

£2   ;   ;s| 

'■* 

© 

£  a 

©    1 

CD      . 

©> 

co'C 

ca  p, 

_5  ca 

x:xi  a  °.  « 

©  ©  OT3  S 

§3 

CO 

aos^as 

S'CO  HMHO 
O  CM  CM  CM  <M  CM 

COOJ 
CO  Tf 

8 

CO 

i 

3UIM0J£) 

■-I  CM 

CO 

© 

a 
"Si 

tJ.  CO  CO  CO  CM 
>    >    >    >    > 

o  o  o  o  o 

hi 

O   O 

©i 

s 

^^;^;^z 

o£ 

is 

0  bo 

NCOOOIH 

CNN 

"co 

-2 

£  a 
'-o  E 

■  <s  a 

*  ft  *  ft  ft 

C3  CO 

CO 

UOSB9S 
8UIM0J£) 

S.OS  O  CO  CM  CN 
5CMCMCMCMCM 

CN  CM 

0 

05 

■H_ 

^-i  CO  t-  t^.  CM 

N  CO 

a 

iSS 

>'   >   >   >   > 

O   O   O  O   O 

+j    CO 
CO   CO 

IS 

£ 

zzzzz] 

Ofi 

. 

■4) 

bo    . 

a  M 

O  tuO 

t—  t^  >o  oj  »o 

CM 

CO  CO 
CN  CN 

C9  ft 

5  a  p.  p.* 

©    ft 

CO    Q.S-, 

a  M  a 

CO— i  © 

3  »ts 

X)  COT? 

|     ' 

i 

«T3*» 

CO 

!    ! 

3 

CO  j,    CO 

.2  to. co 

> 

!  o 

1 

CO  ca  c9 

>o 

1 

CC 

"_" 

0 

S5 

SS  © 

W^H 

Climate  of  Texas     •     1139 


,  uoseas 
3u[,m.o.io 


S<r^  ut  r-  --  i~  r~  30  ■*»•  oo  cc  cr.  oc  r^  a:  t-  r-  x  s  -■-   5  X  o-i  01  a-,  oo  oo  o-.  31  oo  t -  oo  <m  »<-  r~  i 

J'CM  CNCMlTOCMCMCMCMCMCMCMCMCMINCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCOeOCMi 


.9  W 


Suiavojq 


SmAiOJf) 


3atAV0J£) 


a 


Z..2 


3htm.oj() 


i  aos«ds 
3aiAiOJO 


"I 
«  a 


^NOtDOON'JiOM^OlHO'.OOfflGOi^OOOOtOOiCP.-iotCMOOOWN      ;  CM      ;  oo 

eJ>oo>f>o-'->r~oor>>ooo>^jr~o->oooor>>oor'OrH'oOo 
a,oa>a.ooa,oooxa-ooa;a)a.>OoC>a.oa'aj<ra;OOajaiOa'OajOa/ 


!<NM>OOItOinHM 


S28; 


cj  <s  as-?-?-?-?  « -? -? -? -° -•? -£  ca  03  8-£  «-?-?  fe£  <s  ca  «  d  d  «J  <s-£  d  d  <a-?  « 


iTfN«O0HNVCtCHCirrtCNMtt-NHHN 


'NNONMWINNINiNiNINNlNNiNOHOXNININtNrqNOlNNCMNNIN 


<n  c  oo  oo  a  t»  cq  m  a  a  i1  n 

JOCMrHC0'-tir^C0'-t<"<t,r^«O 


— ih^hh      .  CM  rH  rH  rH  CM  rH         CM  CM  rH  CM         CM  rH  rH  rH»CM  rH  CM  CM         -I  IN  IN  IN         .-I  CM 

OOOOOOT30000oOOooOooOOOOOOooOOCOOajOajCU 


'2S 


iN3>NO>ON(£«IO)NO>»N      HON 


CM  CM  rH  CM 


SSS-'S'-SJS 


rt<  io  oi  ec  »-i  < 

CM        CMrHCM. 


nnnScJS^ca^^n^t'Sflol^alo'Soi'Co.fi'Jt'lo'Jo.'iS'PiSiSiSajoJ 


M«CCMCOmMCC««MCOM«i 


5?  :Q£ 


:ZZ 


:Q£ 


:po^Q^Q!z  :Q£ 


eo  oo    '    ■'  t»  oi  -^ 

rH  rH  '  rH  CM  ft 


j  cc  oo  tj<  co  oo  «o    ;     ;  »o  CM  ■* 


O"!  t-  t—  T*<        i  -r}4  i—  ' 
rH  CM  CM        '  1— I  < 


ii  §-§•§  g-s  §•§-§■£■£  §  §  g-s  §-§-e  §  g  o%%*  g  g  d  §  *i  d  g  jf  § 


.gCMCMCMCMCMCMCMCM 


NNNINNIN 


rH         NhhINMh       '  rH  IN  rH 


t^  CI  CM  CM  I-  00  iC 


Sg 


CM  -H  HI 


■^<iO00CMC0iCC0Tt<i 
CMCM         i-H  CM 


OOOOOOooO'OCoOOcjoOooOOOOOOooOOOOOa'OOO 


t-  CM  00  r-  i-i  00  ©  ■ 


•S3. 


o!z; 


■S  &*  *  **  a aa«  * 5  aS.||  o.«  a2  £.-£,22222 


oo  oo  oo  ce  oi  oo  n  c  c  >c  o  n  n  «r.  a.  «o  cr.  »ko»hnn*om 

HrtOOCO-TCT.  CMCMCM^iJ<i—  CMCOO»C-^"COCMTt<r-icOOO-^-CCCCTf 
CMCMrHCMCMrtCMCMCMrHCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


i  n  t- ^i  in  oo  n  n  ■*    >  oi  oo  co  cm  ai  tt  oi  ^ooaitcai'i-icoi-nci 

iCMrHCMCMCMCMrHrH      'i— ii— ii— li— ii— ii— ICMCM  rH  rH        CM         ■— (         l 


OoOooOoOOT?oOOOOOCOOOOOOOa.OaO 


CM  Oi  CM  00  t~  t^  C 


ff.3io!0«HHio«)0'.HNON 

CM— iM««M(Nrtr-N«(NNn 


a  w   ,  w  a  a^  «  a  a  2,  p. «  «  2. 2.J3  c-2  2222  ^2  222  -^2    o 


-  o>  -h  CM  Oi  CM  00      .3 


j^lC    1-".    C    X    C    t   I  >   I  -  T    rH   !•/)    I  -   I  -   ^   00  C    U:   CC    I  -  O   H    »    I  -   t£    'C    r^   Tf    K    O  '  -  Ol  rH    IN   a 

B  K  ■*  I."  if  -^  '£  *)  rt  C  C  -t  I-  C  X  -f  "".  M  N  ■*  «:  iO  N  C  J.  -t  r-  K  N  -1-  -h  CO  c£  «  O 
^CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMrHCMCMCMCMCMCMCMCMCMCM 


NOOGCOtCMN 

rH  rH  rH  CM  rH  CM  CM 

>  >  o  >  >  >  6  ^  >  ±:  >  >  >  &  >  6  >  >  6  >>>>>>>>>>>>>>  jj  >  > 
ooa-ooca-ocooocacajcoa-ooooocooooooooooo 


NhhkjcOi 


ioocojj;  •-i|ooc£-it-N     >rHiooo»ocncccr.  aoocorHCNtf-,cc-rroOr-..-:o3 

r-(  CM  CM  rH  rH  rH  CM      CMCM    J  r-      CM  CM  rH  CM  rH  rH  «  CM  rH  rH      CM  Ci  rH  rH 


oia<»c:3^--a^rJfl^*.jjaa^-:s(S(3cij52ciJo5)aiiB>;CiJc35Jo]n'l 


00  Cft  T-  CJi  31  3".  31  3.  3;  3".  31  31  3-  3.  3i  3.  31  3-  3.  31  31  3-  31  3-  31  31  31  31  3".  9  31  O!  Ol  31  31  < 


1140     •      Yearbook  of  Agriculture,  1941 


nosses 

llllis 

I8S 

1   CM  CC 

o 

'3 
o 

3UIMOJO 

« 

a 

'■*COOM   1    O      ! 
;      CM                ro-= 

<c    .    .    .               o 

< 

a 
<s 

'XI 

* 

^^ZZQ  ||  055 

aM 

S28c3s|i:s 

~_a 

s  5 

M  to 

©©©-a©            -at-. 

UOS139S 

§.-^<  >fl  CM  rOGC    II  ■*  CM 
SlC  -<M^?5    1     0)00 
£*  CM  CM  CM  CM  CM      1    —  CM 

3niMOJ£) 

a 

t~  Tt<  oo  oo  ro  II  cbc 

to 

>  >  >  >  >  'I    ;  d 

SZZZlz;  ||o£ 

Ph 

5n 

aM 

00  «  S  ®  g 

i--  r^ 

~  a 

-5  ■» 

S  -  c:  =  S 

U0SB8S 

ab5  x  g  LS  ~ 

gS 

a 

SniMOJf) 

5^^^ 

cm  ro 

a 

!    !    !    ■' oo  lj  c»    ! 

;      '      '      'CM        tN« 

x^ 

a  o  o  ©  o 

>  a 

o 

CO  "CO  © 

c  © 

"3 

■=- 

2  :  :  [fl 

z^: 

0 

coco    ■     ■  — 

2  g 

CM-              IN 

_3   00 

Is 

2S 

uos^as 

<--  -  _  -  ^  - 

f?55  —  ~  M  ?5 

^  CM  CM  CM  CM  CM 

51 

9 

a 

eo  eo  go  oo  oo 

os-«< 

> 

x  "^ 

5  - 

a 

ft 

!?^OZ^ 

OQ 

C8 

o 

~  a 

S^SS^Si 

S- 

00    1-. 

is  >-^  a  ^  a 

—    BO 

■0SB9S 

|l  =  KS  CM 

a 

SUT.WOJJT) 

^  cm  ri  cm  cm  cm 

o 

N  t  OS  r~  re 

oo  -^r 

^ 

^j  ~ 

Q 

£JS 

>>>>> 

c  c  z  z  o 

*s  « 

ft 

z^zz^ 

OQ 

ft 

.5  M 

CM  I-  US  ~.  — 

?,r^ 

«-  >.;  ul  m  tl 

-  >> 

s  - 

*  acaa 

J    00 

s§ 

uostsas 

§UI.WOJQ 

S'-'C  —  X  CM  X 

CT-^"  —  cm  ~  re 
S  cm  cm  cm  cm  cm 

cm— -  i-  —      »£■ 

2 

08 

|3 

>>  >  >  J 

o  c  c  c  c 

^ 

zzzzz 

-  - 

H 

5  m 
~  a 

«  a 

-J  go 

CMr-.-  -  - 

—                       CM 

X   EC 
—  CM 

S 

I    !    1 

E 

y- 

.    i    !  c 

g 

1 

So 


«3  *s?m 

-.E  a 

tp  S  P 

■g  *  rt 

•^  °  9 

a^r  © 


n  os  9 

W  _~  W 


Climate  of  Texas     •     1141 


44 

^-4UtJ-48 

34, 
36- 

38  J 
40- 

w36 

*38 
{40 

■\ 

^ 

X- 

s 

J!; 

14 

^-^s 

^n 

'XV 

_>-   1 

jYia 

42> 

/[([    , 

4444f^  46     44  F 

pr\ 

/C/^54 
^56 

\r 

= 

jt     Z~\  /  ^v  \J 

f/l  \ 

441     /  \/      NV^ 

46^/             WTa*C 

XL        /    50  V, 

4  8^SV/-'          52^ 

4A 

5 

TEXAS 

AVERAGE     JANUARY    TEMPERATURE 

6Vt 

ynlf58 

5 

60 

TEXAS 

AVERAGE  JULY  TEMPERATURE 


■  —41 73 


1142     •      Yearbook  of  Agriculture.  1941 


APR2CL 


APR.  15 


APR.5  ■ 

APR.  5 
MAR.  30 
MAR.25' 
MAR.20" 
MAR.I5 


•  APR.  10 
APR.5 


MAR25.  MAR.20 


MAR.  10 

TEXAS 

AVERAGE  DATES  OF  LAST 
KILLING  FROST  IN  SPRING 


FEB.8 


OCT.  20 


OCT.  25 


N0VKKN0Y'5 

NOV.  10 

NOV.  5 
NOV.  10 
NOV.  1 5 
N0V.20 
NOV.  25 


NOV.  30 

DEC. 

TEXAS 

AVERAGE    DATES  OF  FIRST 
KILLING  FROST  IN  FALL 


DEC.I5 


NOV.IO 


DEC.25 


Climate  of  Texas     •     1143 


TEXAS 

AVERAGE    NUMBER   OF   DAYS 
WITHOUT    KILLING   FROST 


320 


AVERAGE    WARM -SEASON 
PRECIPITATION    (INCHES) 
(APRIL    TO    SEPTEMBER,   INCLUSIVE) 


1144     •      Yearbook  of  Agriculture.  1941 


TEXAS 

AVERAGE    ANNUAL    PRECIPITATION 

(INCHES) 


SUPPLEMENTARY    CLIMATIC   NOTE>   FOR    TEXAS 

The  distance  from  the  inost  southern  point  of  Texas  near  the  mouth  of  the 
Rio  Grande  to  the  northwestern  corner  of  the  Panhandle  is  801  miles,  while  the 
greatest  reach  from  east  to  west  is  773  miles.  The  State  has  an  area  of  265.896 
square  miles  and  consequently  presents  great  diversity  in  topography  and  cli- 
mate. Most  authorities  divide  Texas  into  four  physiographical  provinces:  The 
baJ  Plains,  sometimes  called  the  East  Texas  Plains:  the  North-Central 
Plains:  the  Great  Plains:  and  the  Trans-Pecos  Mountain  area. 

stal  Plains  is  the  lowest  of  the  divisions  and  extends  from  the  coast 
to  the  Balcones  Escarpment,  a  geologic  fault  line  extending  in  a  great  semicircle 
from  the  Rio  Grande,  near  Del  Rio,  ro  the  Red  Paver  just  west  of  Gainesville. 
This  region  ha,s  five  natural  subdivisions,  based  partly  on  surface  characteristics 
and  partly  on  timber  types— the  Rio  Grande  Embayment.  the  Coastal  Prairies, 
the  Pine  Woods  area,  the  Post  Oak  Belt,  and  the  Black  Land  Prairies. 

The  North-Central  Plains  extend  from  the  Black  Lands  westward  to  the  Great 
Plains  and  has;  four  subdivisions — the  Grand  Prairie,  the  Burnet-Llano  country, 
the  V  3S  Timbers  country,  and  the  lower  West  Texa-  Roiling  Prairie. 

The  Great  Plains  come  down  from  the  north  and  northwest  into  Texa-  on  the 
high  ridge  between  the  headwaters  of  the  Canadian.  Red.  Brazos,  and  Colorado 
Rivers  on  the  east  and  the  Pecos  Valley  Mexico  on  the  west.     They  ex- 

tend southward  to  the  Balcones  Escarpment,  west  of  Austin.  There  are  two 
subdivisions— the  High  Plains  (Llano  Estacado)  of  the  Panhandle  and  the 
Edwards  Plateau  of  southwest- 

The  Tra  area  is  a  plateau  3.000  to  5,000  feet  high,  lying  west  of  the 

-  traversed  by  several  mountain  rai  -  rt  of  the  Rocky 

Mountain   s  g  a  general  trend  from  northwest   to  southeast.     The 

principal  ranges  are  the  Guadalupe,  of  which  Guadalupe  Peak  El  Capitan)  with 
an  elevation  of  9.020  feet  is  the  highest:  this  is  also  the  highest  point  in  Texas. 
Other  ranges  include  the  Davi-  Mountains  Mount  Liverrnore.  8.382  feet)  and 
the  C  mt  Emory.  7.835  fe 

The  northern  part  of  the  Panhandle  is  drained  bv  the  Canadian  River,  which 
ard  into  I  j  and  thence  to  the  Mississippi.     The  southern 

PurtT>°f  the  Pannandle  and  a  strip  along  the  northern  border  of  the  State  e 
the  Panhandle  are  drained  by  the  Red  River  southeastward  into  the  Mississippi. 
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The  rest  of  the  State  also  is  drained  southeastward,  but  directly  into  the  Gulf 
of  Mexico.  The  Rio  Grande  and  its  principal  tributary,  the  Pecos,  drain  narrow 
basins  in  the  southwest.  These  two  rivers,  as  well  as  the  Canadian,  rise  in  the 
Rocky  Mountains  in  Colorado  and  Xew  Mexico,  while  the  Brazos  and  Colorado 
have  their  sources  in  the  plains  of  Xew  Mexico.  All  other  rivers  by  which  the 
State  is  drained  have  their  sources  within  its  borders. 

The  Sabine.  Xeches.  Trinity.  Brazos,  and  Colorado  Rivers  traverse  regions 
where  the  heavy  rains  cause  great  erosion,  and  as  a  result  the  streams  are  very 
muddy,  carrying  hundreds  of  thousands  of  tons  of  soil  into  the  Gulf.  The 
Guadalupe  and  Xueces  have  their  sources  in  the  Edwards  Plateau,  and  since 
they  flow  over  rocky  terrain  there  is  little  erosion  and  their  waters  are  clear  and 
clean,  in  marked  contrast  to  the  larger  streams  to  the  eastward. 

The  marine,  continental,  and  mountain  types  of  climate  are  all  found  in  Texas — 
the  continental  and  mountain  types  in  true  form,  but  the  marine  type  somewhat 
modified  and  subdued  to  a  coast  climate.  The  continental  type  of  climate  obtains 
over  by  far  the  greater  part  of  the  State.  The  mountain  type  is  confined  to  a 
relatively  small  area  of  western  Texas,  the  Trans-Pecos  area:  while  the  coastal 
type  prevails  over  a  comparatively  narrow  strip  of  the  Coastal  Plains. 

Continental  climate  is  characterized  by  rapid  changes  in  temperature,  marked 
extremes,  and  large  temperature  ranges,  both  diurnal  and  annual.  Mountain 
climates  are  cooler  throughout  the  year  than  those  of  the  adjacent  lowlands,  the 
decrease  in  temperature  with  increase  in  altitude  averaging  about  1°  F.  for  each 
300  feet  of  ascent.  However,  the  rate  of  change  varies  with  the  season,  being 
more  rapid  in  summer  than  in  winter  and  greatest  during  the  warmer  hours  of  the 
day.  The  marine  type  is  characterized  by  comparatively  uniform  temperatures 
in  all  seasons,  with  a  small  diurnal  range;  also,  the  progress  of  the  seasons  is  re- 
tarded, winter  lingering  into  spring  and  summer  into  fall.  This  gives  a  marine 
climate  comparatively  pleasant  summers,  mild  winters,  cool  springs,  and  warm 
autumns,  conditions  rather  characteristic  of  the  Coastal  Plains  of  Texas. 

Roughly,  the  annual  isotherms  in  Texas  lie  east  and  west,  with  a  fairly  regular 
decrease  in  temperature  with  increase  in  latitude.  There  is,  of  course,  a  deflection 
of  the  isotherms  to  the  southward  over  the  Great  Plains  and  the  Trans-Pecos 
section.  The  warmest  part  of  the  State  is  the  lower  Rio  Grande  Valley,  with  an 
annual  mean  temperature  of  74°  F.;  the  coldest  section  is  the  northwestern  Pan- 
handle, with  an  annual  mean  of  54°. 

Xo  part  of  the  State  is  free  from  occasional  periods  of  excessive  heat  when 
temperatures  of  100°  F.  or  higher  are  recorded,  nor  from  occasional  periods  of 
freezing  temperature,  although  the  coastal  counties  and  the  lower  Rio  Grande 
Valley  experience  damaging  freezes  only  at  infrequent  intervals. 

A  few  stations  along  the  Gulf  coast  and  in  the  lower  Rio  Grande  Valley  (Galves- 
ton, Rockfort,  Corpus  Christi.  Brownsville,  and  Raymondville)  have  occasionally 
had  years  with  no  killing  frost,  but  it  is  safe  to  say  that  no  part  of  Texas  is  entirely 
safe  from  damage  by  frost  or  freezing  weather. 

The  average  date  of  the  last  killing  frost  in  spring  ranges  from  January  21  on 
the  upper  Gulf  coast  (Galveston  Island^  to  April  26  at  Stratford,  Sherman  County. 
Killing  frosts  occur  later  in  spring  in  the  Panhandle  High  Plains  than  in  the  lower 
country  of  eastern  Texas  because  of  the  influence  of  latitude  and  altitude. 

The  average  date  for  the  first  killing  frost  in  fall  ranges  from  October  17  at 
Hereford,  Deaf  Smith  County  (elevation,  3,750  feet)  to  December  27  at  Corpus 
Christi,  Xueces  County  (elevation,  20  feet\  The  advance  in  fall  of  the  average 
killing-frost  date  line  across  the  State  from  the  Panhandle  to  the  Gulf  coast  is 
quite  regular,  but  it  is  interesting  to  note  that  for  practically  the  entire  State  it 
falls  in  Xovember;  only  in  the  High  Plains  of  the  Panhandle  does  it  come  as  early 
as  October,  and  only  in  the  Coastal  Prairies  and  the  lower  Rio  Grande  Valley  as 
late  as  December. 

The  average  length  of  the  growing  season  increases  slowly  from  1S5  days  in  the 
northern  Panhandle  (Sherman  County^  to  230  days  along  the  eastern  and  southern 
borders  of  the  north-central  physiographical  divisions,  but  from  there  to  the  coast 
the  increase  to  over  300  days  is  rapid,  particularly  in  the  coastal  counties.  Thus 
one  section  becomes  frost-free  in  spring  an  average  of  more  than  3  months  before 
another  on  the  opposite  side  of  the  State,  and  there  is  a  range  of  more  than  2 
months  between  the  first  fall  frost  dates.  The  growing  season  in  upper  coast 
sections  is  more  than  5  months  longer  than  in  the  northern  Panhandle. 

The  principal  sources  of  moisture  for  Texas  are  the  Gulf  of  Mexico  and  the  tropical 
Atlantic.  Warm  and  very  moist  tropical  maritime  air  masses,  carried  by  the  pre- 
vailing southeasterly  winds,  move  inland  up  the  land  slope  and  up  the  slopes  of 
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cold  fronts  of  continental  air  masses  and,  becoming  cooled  by  expansion,  lose  more 
or  less  of  their  moisture  supply. 

Rainfall  is  heaviest  over  eastern  Texas,  especially  in  the  extreme  southeastern 
part,  and  diminishes  steadily  westward,  the  average  amount  in  the  extreme  eastern 
part  being  over  50  inches,  while  in  parts  of  the  extreme  west  it  is  less  than  10. 
Isohyetals — lines  of  equal  precipitation — are  roughly  parallel  and  run  north  and 
south  over  most  of  the  State,  there  being  some  departure  from  this  regularity  in 
the  Trans-Pecos  area. 

The  average  precipitation  in  winter  is  5.94  inches,  spring  8.70,  summer  8.09, 
and  fall  7.81.  Much  the  greater  part  of  the  State  has  an  annual  average  of 
over  20  inches, -and  most  of  it  has  enough  precipitation  to  supply  agricultural  needs 
without  irrigation.  In  some  sections  where  the  amount  of  rain  borders  on  being 
too  scant  for  crop  needs,  this  unfavorable  feature  is  offset  to  some  extent  by  its 
very  favorable  seasonal  distribution,  the  greater  amount,  from  60  to  70  percent 
of  the  annual  total,  falling  during  the  crop-growing  season.  However,  there  is  a 
considerable  area  west  of  the  one  hundred  and  first  meridian  where  it  is  necessary 
to  resort  to  irrigation,  where  possible,  or  to  use  extraordinary  conservation  methods 
to  produce  crops;  and  there  is  also  a  considerable  area  that  cannot  be  cropped 
at  all. 

Rainfall  distribution,  even  in  the  best  watered  sections  of  Texas,  is  occasionally 
erratic,  and  as  a  result  droughts  of  several  weeks  or  even  months  occur.  On  the 
other  hand,  rains  are  occasionally  so  heavy  and  frequent,  particularly  in  the  wetter 
regions,  that  crops  suffer  from  too  much  moisture  and  lack  of  cultivation. 

Snow  is  of  rare  occurrence  in  the  coastal  counties,  a  few  stations  never  having 
had  any  at  all,  but  there  is  an  increase  in  amount  from  the  Coastal  Plains  to  the 
High  Plains  of  the  Panhandle  where  the  annual  average  is  23.7  inches.  The 
heavier  snowfall  occurs  to  the  westward  of  the  Balcones  Escarpment.  Sleet  storms 
occur  occasionally.  Hail  has  been  observed  in  all  sections  of  the  State  but 
is  infrequent  in  coastal  districts.  It  is  most  frequent  and  severe  in  the  Panhandle 
counties. 

The  absence  of  sheltering  mountains  or  extensive  forests,  and  the  great  extent 
of  plains  and  prairies  give  the  wind  free  play,  and  as  a  result  its  movement  is  brisk 
much  of  the  time.  The  highest  wind  of  record  for  the  State  was  84  miles  an  hour 
from  the  northwest.     The  prevailing  direction  of  the  wind  is  south. 

The  coastal  areas  are  subject  to  the  hazard  of  infrequent  hurricanes  during  the 
summer  and  early  autumn,  while  the  interior  counties  have  the  tornado  as  a 
threat.  Fortunately  tornadoes  are  small  in  extent  and  the  probability  that  any 
given  locality  will  be  visited  by  one  is  remote. 

Clinton  E.  Norquest,  Senior  Meteorologist,  and 
Climatic  Section  Director  for  Texas,  Weather 
Bureau,    Houston. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  UTAH 

The  general  elevation  of  Utah  is  about  5,500  feet  above  sea  level,  though  the 
Wasatch  and  Uinta  Mountains  extend  diagonally  across  the  State  from  south- 
west to  northeast,  with  crest  lines  mostly  above  10,000  feet.  Minor  mountains 
are  scattered  over  the  rest  of  the  State,  though  the  natter  part  of  the  Great 
Salt  Lake  drainage  basin  is  below  4,500  feet  in  elevation,  the  lake  being  about 
4,215  feet.  The  lowest  area  in  the  State  is  the  Virgin  River  Valley  in  the  extreme 
southwestern  part,  its  elevation  being  between  2,500  and  3,500  feet. 

Practically  the  entire  area  east  of  the  Wasatch  Mountains  is  drained  by  the 
Green  and  Colorado  Rivers,  the  State's  largest  streams,  though  neither  rises 
within  its  borders.  Western  Utah  is  almost  entirely  within  the  Great  Basin, 
without  outlet  to  the  sea.  The  largest  rivers  are  the  Bear,  Weber  (and  Ogden), 
and  Provo,  all  emptying  into  Great  Salt  Lake  (the  Provo  through  Utah  Lake  and 
Jordan  River).  Sevier  River  drains  the  west-central  counties  and  empties  into 
Sevier  Lake,  a  brackish  saline  basin,  when  its  waters  are  not  wholly  withdrawn 
for  irrigation  purposes. 

U^tah  has  two  principal  geographical  provinces  of  slightly  different  climatic 
features.  The  western  half  of  the  State,  about  the  size  of  Indiana,  has  tempera- 
ture conditions  similar  in  many  respects  to  those  of  Nebraska.  Eastern  Utah 
is  about  the  size  of  Ohio  and  has  temperatures  much  like  those  of  that  State. 
Naturally  the  more  elevated  valleys  have  the  cooler  climates,  and  the  lower 
sections  have  much  higher  temperatures. 

The  average  annual  precipitation  for  the  State  is  about  one-third  that  of  the 
Middle  Western  or  Eastern  States  generally,  necessitating  the  practice  of  irriga- 
tion for  growing  farm  crops.  But  the  mountains,  whose  winter  snows  form  the 
chief  reservoirs  of  moisture,  are  conveniently  adjacent  to  practically  all  the  farm- 
ing regions,  and  there  is  usually  an  abundance  of  water  for  all  lands  under  irriga- 
tion. The  bulk  of  the  moisture  falls  in  late  winter  and  spring  in  the  State's 
leading  agricultural  areas.  The  summer  and  early  fall  months  are  almost  invar- 
iably the  driest. 

There  are  also  definite  variations  in  temperature  with  latitude,  amounting  to 

about  1.5°  or  2°  F.  increase  in  mean  annual  temperatures  for  each  1°  decrease  in 

latitude.      Thus  the  weather  stations  in  the  southern  tier  of  counties  have  average 

annual  temperatures  6°  to  8°  higher  than  those  at  similar  altitudes  over  the  ex- 

298737°— 41 74 
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treme  northern  counties.  Solely  because  of  variations  in  altitude,  the  southern 
part  of  the  State  varies  from  seniitropical  to  cool  temperate  conditions. 

Temperatures  somewhat  ab:  occur  occasionally  in  nearly  all  parts  of 

the  State.  Temperatures  below  zero  occur  quite  generally  in  cold  winters,  though 
prolonged  perk  rely  low  temperatures  are  not  nearly  so  common  as  in 

the  Northern,  Middle,  an  S        a      This  is  because  the  mountains  ward 

off  the  intensely  cold  continental  polar  and  arctic  air  masses  that  sometimes  move 
out  of  Canada  into  the  Unite 

rldom  forms  in  Utah,  owing  to  the  comparatively  dry  air,  though 

crops  may  be  damaged  by  temperatures  of  freezing  or  lower  without  frost.     Such 

a  condition  is  known  as  black  frost.     It  has  been  customary  to  record  temperatures 

in  lieu  of  actual  deposits  of  hoar  frost.      Most  of  the  -  rming 

lands  are  near  the  mountains,  which  have  a  very  important  influence  in  preventing 

:r  freezing  temper:.  >n   cold,   clear   nights  the   coldest  air  usually 

forms,  or  accumulates  by  radiation  and  drainage,  on  the  valley-bottoms,  while 

the  gravitational  movement  of  the  cooling  air  on  the  mountain  slopes  serves  to 

od  unify  the  temperature  of  the  air  near  the  ground  over  the  foothill  and 

bench  lands,   thus   retar  i     -  formation  and  freezing   temperatures.     For 

this  reason  the  higher  land  -      of  the  valleys  are  usually  devoted  to  the 

more  valuable  and  delicate  fruit  tables,  while  the  hardier  grains 

and  veg  -  i ally  planted  in  the  bottom  lands. 

Owing  to  the  varied  topography  of  the   31  "here  are  no  orderly,  extensive 

zones  of  equal  length  of  growing  season  between  the  last  killing  frost  (or  32°  F. 
temperature)  in  -  ~  in  fall.     There  are.  however,  from  4 "-_ 

months  of  frost-free  growing  weather  in  the  State's  principal  agricultural  areas. 
A  difference  of  2  weeks  is  often  noted  in  the  same  valley  between  the  bottom  lands 
and  the  adjacent  fanning  lands  at  the  foot  of  the  mountains. 

The  average  annual  precipi:  *he  levels  occupied  by  the  bulk  of  the 

population,  between  4,250  and  5,250  feet  above  sea  level,  is  about  12.75  inches, 
though  the  general  state-wide  average  (1886-193S  is  12.63.  Northwestern  Utah 
receives  appreciably  more  moisture  in  a  year  than  is  received  at  similar  elevations 
over  the  re  -  .  chiefly  because  during  the  wettest  months  of  winter 

and  spring  the  -  rom  the  west.     In  summer  this  area  is  compara- 

tively dry,  while  eastern  Utah  usually  gets  more  rain  from  thundershowers. 

The  areas  below  4,000  feet,  all  in  the  southern  part,  receive  somewhat  less  than 
10  inches  of  moisture  in  a  normal  her  stations  situated  at  elevations 

oetween  4,000  and  5,000  feet  receive  about  12.5  inches  on  an  average,  while  those 
located  between  5,000  and  6,000  feet  receive  about  13.5.    The  least  precipitation 
the  area  of  the  Great  Salt  Lake  Desert  of  northwestern  Utah,  west  of 
Great  -  This  area  is  75  to  125  miles  west  of  the  Wasatch  Mountains, 

where  the  Si  $i  precipitation  occurs.     In  the  Gn        -        Lake  Desert. 

an  area  of  about  5,000  square  miles  receives  an  average  of  less  than  5  inches  of 
moisture  annually,  while  parts  of  the  mountains  to  the  V  we  more  than  40. 

Snowfall  is  moderately  heavy  in  the  mountains,  particularly  over  the  northern 
part.  While  the  principal  population  centers  along  the  base  of  the  mountains 
receive  more  si.  ile,  than  many  Middle  and  Easten    States    a  deep  snow 

cover  seldom  remains  long  on  the  ground.     There  are  about  52  days  a  year  over 
th  with  measurable  amounts  of  precipitation,  or  roughly  1  dav  a  week; 
over  the  wee  rage  is  about  64,  2  or  3  davs  a  month  in  summer  and  6  or  8 

in  winter  and  spring. 

Su:  redominate  most  vear  in  Utah.     In  spring,  summer,  and 

fall  there  is  an  average  of  abov.  ""  percent  of  the  possible  amount  of  sun- 

shine at  Salt  La  md  70  to  80  percent  at  Modena.     In  winter  SsU  Lake 

City  has  about  50  and  Modena  65  percent  of  the  possible  sunshine.     The  - 
average  is  about  ISO  clear  days.  110  partlv  cloudv  davs,  and  75  cloudv  davs  a  vear. 

Wind  velocities  are  usuallv  light  to  moderate,  ranging  normallv  from  about  7 
to  12  miles  an  hour  at  Modena  and  Salt  Li  There  has  never  been  a 

destructive  tornado  in  Utah,  though  strong  winds  occur  occasionally,  some  of 
them  attaining  damaging  proportions  in  limited  areas. 

The  Utah  atmosphere  is  comparatively  drv.  the  noon  and  evening  relative 
humidities  observed  being  between  35  a  sent  for  the  vear.     The  wind, 

sunshine,  and  temperature  and  the  low  atmospheric  humidity  in  summer  all 
tend  to  promote  rapid  evaporation. 

WeUorclogisL  and  Climatic 
tor  for  Utah.  Weather  Bureau, 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  VIRGINIA 


Virginia  is  a  triangular-shaped  State,  extending  200  miles  from  north  to  south 
and  430  from  east  to  west.  The  climate  is  dependent  principally  on  latitude, 
surroundings,  and  topography.  The  latitude  is  entirely  within  the  milder  part  of 
the  North  Temperate  Zone;  the  surroundings  include  continental  areas  to  the 
northwest  and  west,  warm  rolling  lands  to  the  south,  and  the  Atlantic  Ocean  to 
the  east;  the  interior  topography  varies  from  indented  coastal  plains  in  the  east 
to  rugged  mountain  ranges  in  the  west. 

For  climatic  as  well  as  for  commercial  purposes,  the  transition  from  east  to 
west  is  divided  conveniently  into  the  Tidewater,  middle  Virginia,  and  the  Great 
Valley.  Tidewater  Virginia  comprises  the  flat  and  near-sea-level  sections  east  of  a 
line  from  Quantico  through  Richmond  to  Emporia.  Its  chief  characteristics  are 
extensive  truck  fields,  numerous  peninsulas,  wide  estuaries,  and  many  swamps. 

From  the  Tidewater  line  westward  the  land  becomes  more  rolling  and  rises 
gradually  in  height  to  the  Blue  Ridge  Mountains,  which  extend  southwesterly 
from  Loudoun  County  in  the  north  to  Carroll  County  in  the  southwest,  the  ridge 
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itself  having  an  elevation  of  1,500  to  3,500  feet  above  sea  level.  This  middle 
portion  of  Virginia  is  suited  to  general  farm  crops.  Drainage  of  the  area  is  into 
the  Atlantic,  via  the  Potomac,  Rappahannock,  James,  and  Roanoke  Rivers. 

West  of  the  Blue  Ridge  is  the  Great  Valley,  extending  from  the  northernmost 
point  of  the  State  southwestward  to  Scott  County  and  embracing  the  Shenandoah 
Valley  in  the  north,  parts  of  the  James  and  New  River  Valleys  in  the  middle,  and 
the  Holston  Valley  in  the  south.  This  section  is  suited  for  orchards  and  stock 
raising  in  the  north  and  central  parts  and  for  mining  in  the  south.  Its  general 
elevation  runs  from  1,000  to  2,000  feet,  with  its  western  edge  merging  with  the 
high  ridges  of  the  Appalachians. 

Each  of  the  three  divisions  of  the  State  has  a  distinctive  climate.  That  of  the 
Tidewater  is  semimarine.  The  wide  expanse  of  nearby  water  tempers  both  the 
summer  heat  and  the  winter  cold,  especially  the  latter,  while  the  comparatively 
high  humidity  is  mitigated  by  land  and  sea  breezes.  Relatively  heavy  precipi- 
tation and  a  long  growing  season  favor  prolific  truck  crops  and  peanuts. 

Prevailing  westerly  winds  prevent  the  extension  of  the  ocean  influences  far 
westward;  consequently,  latitude  controls  the  climate  of  middle  Virginia.  Fairly 
warm  summers  and  mild  winters  characterize  this  part  of  the  State,  the  tem- 
peratures of  both  seasons  varying  mainly  in  a  north-south  direction.  As  in  the 
Tidewater  section,  rainfall  is  plentiful,  but  the  shorter  growing  season  limits 
agriculture  to  earlier  maturing  vegetation,  such  as  cotton  and  tobacco  in  the 
south  and  general  farm  crops  in  central  and  northern  parts. 

In  the  Great  Valley  elevation  is  the  principal  climatic  factor.  Temperatures 
here  are  distinctly  lower,  with  wide  variations  within  short  distances.  Summers 
are  comparatively  cool  and  winters  invigorating.  Snow  is  generally  plentiful  in 
winter,  but  it  does  not  cap  the  ridges  in  summer.  Precipitation  is  ample,  on  an 
average,  but  the  amounts  vary  widely  with  location,  depending  on  the  mountains 
and  prevailing  winds.  The  growing  season  is  relatively  short  and  limits  com- 
mercial crops  to  those  harvested  early.  The  lower  ridges  and  slopes  favor  the 
production  of  apples  and  peaches,  and  the  valleys  generally  are  adapted  to  gardens, 
small  farms,  dairy  herds,  and  horses. 

Temperature  variations  due  to  latitude  are  not  great.  In  July  the  averages 
range  from  76°  F.  in  the  north  to  79°  in  the  south;  in  January  from  33°  in  the 
north  to  39°  in  the  south.  A  horizontal  cross  section  of  the  State,  however,  carries 
one  from  ocean  influences  to  mountain  extremes  and  shows  a  sharper  contrast. 
Freezing  weather  has  been  experienced  even  in  July  in  some  agricultural  sections 
of  southwestern  Virginia. 

There  are  some  very  interesting  temperature  relations  at  nearby  points  of  dif- 
ferent elevation.  Mountain  Lake,  in  a  hollow  at  an  altitude  of  4,000  feet,  is 
7°  F.  colder  both  winter  and  summer  than  Blacksburg,  13  miles  southeast,  at  an 
altitude  of  2,100  feet;  and  Big  Meadows,  on  the  crest  of  the  Blue  Ridge,  altitude 
3,500  feet,  is  colder  than  Culpeper,  25  miles  due  east  and  3,000  feet  lower,  by  an 
average  ranging  from  6°  on  a  winter  night  to  15°  on  a  summer  day. 

Frost  is  controlled  in  Virginia  not  only  by  ocean,  latitude,  and  elevation,  but 
by  soil  characteristics,  night  radiation  of  heat,  air  drainage,  and  imported  cool  air 
masses.  The  interplay  of  these  factors  occasionally  gives  widely  different  frost 
effects  in  neighboring  localities  and  even  in  nearby  fields,  but  in  general  the  aver- 
age date  of  the  last  killing  frost  in  spring  ranges  from  the  latter  part  of  March 
at  the  Virginia  Capes  to  mid-April  in  northern  Virginia  and  earlv  Mav  in  the 
Alleghenies.  The  average  date  of  the  first  fall  frost  varies  from  October  10  in  the 
Alleghenies  and  October  22  in  northern  Virginia,  to  mid-Xovember  at  the  Capes. 
The  length  of  the  growing  season  ranges  from  160  days  in  the  extreme  western 
counties  to  200  days  around  Chesapeake  Bav,  the  lower' James  Basin,  and  extreme 
southern  Virginia,  and  230  days  at  the  Capes.  Various  hills  and  slopes  along  the 
Blue  Ridge  also  are  singularly  safe  from  frosts  and  have  much  longer  growing 
seasons  than  neighboring  valleys.  As  a  general  rule,  frost  is  most  likelv  in  the 
pockets  and  flats  between  ridges. 

Precipitation  in  Virginia  is  dependent  primarilv  on  nearness  to  the  ocean,  pre- 
vailing winds,  topography,  and  the  types  and  paths  of  the  general  storms.  The 
variation  from  north  to  south  is  from  36  to  44  inches,  with  an  average  of  50  in 
the  extreme  southeast  and  extreme  southwest  corners  of  the  State.  The  heavv 
amounts  in  the  southeastern  counties  are  due,  of  course,  to  the  nearness  of  the 
ocean,  while  those  in  the  southwest  represent  condensation  from  moist  southerlv 
winds  rising  over  the  higher  ranges  of  the  Alleghenies.     Rain  during  the  growing 
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season  is  normally  ample,  averaging  from  22  inches  in  the  north  to  26  or  28  in 
the  south. 

Sunshine  usually  is  plentiful  and  droughts  are  infrequent.  Snowfall  is  infre- 
quent in  the  warmer  (sections,  by  far  the  greater  part  being  in  the  Great  Valley. 
The  average  amounts  range  from  7  inches  at  the  Virginia  Capes  to  25  in  the  Valley ; 
the  State  average  is  17  inches. 

The  cloudiest  month  of  record  had  21  cloudy  and  18  rainy  days,  both  about 
double  the  usual  number.  Tornadoes  are  negligible  and  gale  winds  are  limited 
mostly  to  tropical  storms  touching  the  east  coast. 

Foy  N.  Hibbard,  Associate  Meteorologist  and 
Climatic  Section  Director  for  Virginia,  Weather 
Bureau,  Richmond. 
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WASHINGTON 

AVERAGE     JANUARY    TEMPERATURE 


36   32         28  24  20      20 


WASHINGTON 

AVERAGE    JULY    TEMPERATURE 


64    68 
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WASHINGTON 

AVERAGE     DATES     OF    LAST     KILLING     FROST     IN    SPRING 


APR  30 
APR  20>,   \  MAY  10 
APR  10 


.MAY  20 


MAY  10 
MAY  20  >.   \    /-MM  20 


MAR  20        MAR30 
MAR  10 


FEB  28 
FEB  I 


MAR   MAR      APR.  30 
10       20 


MAR  20'    T      APR  l0 
MAR  30 


WASHINGTON 

AVERAGE    DATES    OF    FIRST    KILLING   FROST    IN    FALL 


OCT    10    SEPT    30 


SEPT    10         SEPT    20 


NOV     20 
NOV     30 


NOV     30 

NOV     20 

NOV    10/ 
OCT    30 


SEPT    30 


OCT     30 


1178     •     Yearbook  of  Agriculture,  1941 


WASHINGTON 

AVERAGE    NUMBER    OF    DAYS    WITHOUT    KILLING    FROST 


180    160 
200^   \       l   140,  .120 


i20v    iZOx  fl00^    (120     I20>      /IQO 


WASHINGTON 

AVERAGE     WARM-SEASON    PRECIPITATION  (  INCHES  ) 
(APRIL    TO    SEPTEMBER,    INCLUSIVE) 

10.  V?       '6/^0   '?    ifi'^iofs  6       p 
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WASHINGTON 

AVERAGE    ANNUAL    PRECIPITATION  (  INCHES) 


4  rf*^4^ 


60  "60 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR  WASHINGTON 

Washington,  in  the  northwestern  corner  of  the  United  States,  borders  on  the 
Pacific  Ocean  and  extends  eastward  more  than  350  miles,  nearly  to  the  117th 
meridian.  Its  extreme  northern  boundary  is  the  49th  parallel  of  latitude  and 
much  of  its  southern  boundary  is  the  Columbia  River,  which  extends  below  the 
46th  parallel.  The  Cascade  Range,  50  miles  or  more  wide,  extends  in  a  north- 
south  direction  from  British  Columbia  to  the  Columbia  River  and  divides  the 
State  into  a  western  and  an  eastern  part,  whose  areas  are  to  each  other  as  2  is  to  3. 
Several  peaks  are  from  10,000  to  12,000  feet  high,  while  Mount  Rainier  exceeds 
11.000  feet.  The  Olympic  Mountains  are  the  highest  in  the  Coast  Range,  reaching 
nearly  8,000  feet.  In  the  northeast  is  a  series  of  north-south  ranges,  while  in  the 
extreme  east  are  the  beginnings  of  the  Rocky  Mountains,  including  the  Blue 
Mountains  in  the  extreme  southeast. 

The  Columbia  River  enters  the  State  in  the  northeast  and  drains  all  of  eastern 
and  part  of  southwestern  Washington.  The  Chehalis,  flowing  westward  through 
the  Coast  Range,  drains  a  part  of  the  west,  south  of  Puget  Sound.  Other  streams 
in  the  western  part  of  the  State  drain  into  Puget  Sound,  the  inland  waters  north 
to  the  Strait  of  Georgia,  the  Strait  of  Juan  de  Fuca,  and  the  Pacific  Ocean. 

The  climate  of  Washington  is  modified  greatly  by  the  influence  of  the  Pacific 
Ocean  and  the  mountain  ranges,  which  trend  north  and  south  and  hence  lie 
athwart  the  prevailing  westerly  air  currents  from  the  ocean  as  well  as  the  easterly 
currents  from  the  interior  of  the  continent.  Air  reaching  the  State  from  the  west 
has  acquired  much  water  vapor  in  passing  over  the  ocean  and  has  a  cooling  effect 
in  summer  and  is  a  warming  influence  in  winter.  The  marine  influence1  is  most 
pronounced  on  the  coast  and  decreases  inland,  especially  on  crossing  the  Cascade 
Range,  yet  even  eastern  Washington  has  milder  temperatures  than  the  northern 
Plains.  The  climate  of  the  western  part  of  the  State  is  much  milder  than  that  of 
any  other  section  of  the  continent  in  the  same  latitude. 

rteriy  and  northeasterly  winds  from  high  barometric  pressure  systems  bring 
cold  weather  in  winter  and  warm  in  summer.  Some  large  mountain  areas  have 
no  residents  and  do  records,  while  some  of  the  desert  regions  arc  not  BO  well  repre- 
sented by  climatic  data  as  the  more  populous  lowland  areas.  Cold  spells  come 
on  gradually,  especially  in  the  west,  and  warm  periods  are  mostly  of  short  duration. 


1180     •      Yearbook  of  Agriculture,  1941 

Precipitation  attends  low-pressure  systems,  the  west-to-east  paths  of  which 
lie  to  the  south  in  winter,  while  in  summer  moderately  high  pressure  is  more  fre- 
quent and  precipitation  is  infrequent.  The  dry  season  reaches  its  climax  in  July 
and  August,  after  which  the  rainy  season  comes  on  gradually,  reaching  its  peak 
in  November,  December,  or  January. 

Precipitation  is  heaviest  near  the  ocean  and  on  the  windward,  or  southwesterly, 
slopes  of  the  mountains,  and  lightest  on  the  leeward  slopes.  Condensation  of 
moisture  in  the  air  is  accelerated  by  dynamic  cooling  when  the  air  rises  to  cross 
the  mountains  and  is  diminished  by  warming  through  compression  when  it  de- 
scends the  leeward  slopes.  Irrigation  is  vital  to  agriculture  in  central  Washington 
valleys  and  is  also  practiced  locally  in  the  west,  owing  to  the  summer  dryness. 
Agricultural  pursuits  vary  greatly  according  to  climatic  conditions.  The  principal 
wheat-producing  section  is  on  the  rolling  to  hilly  plateau  of  east-central  and  ex- 
treme southeastern  Washington.  WTest  of  this  to  the  Columbia  River  is 
considerable  desert  land,  which  it  is  proposed  to  irrigate  by  .the  Grand  Coulee 
Dam  project. 

Great  quantities  of  apples  and  other  fruits  of  exceptional  quality  and  color  are 
produced  under  irrigation  in  the  Yakima,  Wenatchee,  Columbia,  Okanogan,  and 
Walla  Walla  Valleys.  Berries,  cherries,  and  prunes  thrive  in  western  Washington 
where  there  are  important  garden  districts;  the  Skagit  Flats  are  noted  for  garden 
seeds  and  oats.  Sugar  beets  are  produced  in  the  Yakima  Valley  and  in  the 
vicinity  of  Bellingham,  while  pears  are  grown  locally  for  eastern  markets,  for 
canning,  and  for  seed.  Cattle  and  sheep  are  raised  in  the  east  near  summer  moun- 
tain pastures,  and  there  is  much  dairying  and  condensing  of  milk  in  the  west. 
Vast  forests  still  cover  the  mountains. 

The  difference  between  the  average  temperature  for  the  warmest  month  and 
that  for  the  coldest  at  North  Head  on  the  extreme  south  coast  is  only  15°  F.  The 
corresponding  range  at  Vancouver,  which  is  inland  on  the  Columbia  River  in 
western  Washington,  is  28°.  At  Kennewick,  also  on  the  Columbia  River,  but 
located  in  the  south-central  interior,  the  range  is  43°.  The  lowest  mean  annual 
temperature  for  any  station  is  38°  at  Paradise  Inn,  elevation  5,550  feet,  on  the 
south  slope  of  Mount  Rainier,  and  the  highest  is  55°  at  Mottinger,  Benton  County, 
on  the  Columbia  River.     Along  the  coast,  temperatures  are  moderate  and  equable. 

The  dates  of  the  last  killing  frost  in  spring  and  the  first  in  autumn  and  the 
length  of  the  growing  season  vary  greatly  with  proximity  to  water,  elevation 
above  sea  level,  and  hill  or  valley  exposure.  The  longest  growing  season  is  on 
Tatoosh  Island,  and  the  longest  in  the  eastern  part  is  around  Walla  Walla. 

The  average  annual  precipitation  ranges  from  6  inches  at  Hanford,  in  south- 
central  Washington  on  the  Columbia  River,  to  146  at  Wynoochee  Oxbow  in  the 
foothills  south  of  the  Olympic  Mountains.  Thus  Washington  has  by  far  a  greater 
range  in  precipitation  than  is  found  in  any  other  State.  The  average  annual 
snowfall  ranges  from  5  inches  on  the  ocean  coast  to  600  at  Paradise  Inn,  where 
the  maximum  depth  on  the  ground  has  exceeded  27  feet. 

The  relative  humidity  is  highest  on  the  coast  and  lowest  in  the  valleys  of  south- 
central  Washington.  Periods  of  very  low  humidity  occur  at  times  in  the  warmer 
half  of  the  year  and  create  a  great  fire  hazard  in  the  forests  and  in  grain  fields  about 
harvest  time. 

Fogs  are  rare  in  summer  except  on  the  ocean  coast,  where  they  are  most  fre- 
quent in  August.  Inland  they  occur  with  increasing  frequency  as  autumn 
advances,  reaching  a  maximum  in  October  in  the  interior  of  western  Washington, 
where  dense  fogs  occur  for  an  appreciable  length  of  time  on  an  average  of  30  days 
a  year.     In  eastern  Washington  they  occur  in  winter  on  about  15  days. 

The  percentage  of  the  possible  amount  of  sunshine  is  low  in  winter  and  high 
in  summer,  when  the  number  of  possible  hours  is  double  that  of  winter.  There  is 
slightly  more  sunshine  on  the  coast  in  winter  than  at  interior  stations,  even  in 
eastern  Washington,  but  at  all  other  times  of  the  year  eastern  Washington  has  the 
most.  July  has  85  percent  of  the  possible  amount  at  Walla  Walla,  as  compared 
with  65  at  Seattle  and  51  at  North  Head.  The  great  amount  of  sunshine,  the 
low  humidity,  and  the  comparative  absence  of  rain  are  favorable  for  the  grain 
harvest  and  the  curing  of  hay. 

The  wind  sometimes  attains  hurricane  force  on  the  ocean  coast.     The  inland 
ra  do  not  experience  such  winds,  but  more  or  less  damage  does  occur  at  times 
id   the  storm  season.     Tornadoes  are  unknown  in  western  Washington.     Dust- 
storms  may  occur  in  the  east  in  the  windier  months  when  the  light  surface  soil  is 
dry,  while  whirlwinds  that  cause  limited  damage  are  sometimes  noted.     Wind 
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directions  are  much  influenced  by  local  topography.     In  summer  months  north- 
erly winds  prevail,  especially  in  the  daytime. 

Thunderstorms  are  very  infrequent  and  usually  feeble  in  western  sections. 
They  occur  more  often  in  the  warmer  eastern  part  of  the  State  and  are  most  apt 
to  be  observed  in  the  mountains  in  summer.  They  are  often  accompanied  by 
little  or  no  rain,  when  lightning  frequently  starts  forest  fires. 

Lawrence  C.  Fisher,  Senior  Meteorologist 
and  Climatic  Section  Director  for  Washing- 
ton, Weather  Bureau,  Seattle. 
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average  annual  temperature  of  49.0°.  while  the  warmest  is  the  Tug  Fork  Basin, 
with  55.2°. 

During  the  last  47  years  temperatures  have  been  100°  or  higher  at  some  station 
iu  the  State  in  all  but' 8  years:  they  have  been  zero  or  lower  every  year,  and  —10° 
or  lower  in  all  but  5. 

The  average  date  of  the  last  killing  frost  in  spring  for  the  State  as  a  whole  is 
May  3;  for  the  northeastern  Panhandle,  May  7;  for  the  northern  section,  May  4; 
and  for  the  southern,  May  1.  The  average  date  of  first  killing  frost  in  fall  for  the 
State  is  October  10;  for  the  northeastern  Panhandle,  October  3;  northern  section, 
October  10;  and  southern,  October  11.  The  average  length  of  the  growing  season 
for  the  State  is  160  days.  In  the  northeastern  Panhandle  it  is  153  days;  in  the 
northern  section,  159:  and  in  the  southern,  163.  For  different  localities  it  ranges 
from  193  days  at  Logan  to  119  at  Bayard. 

Normally  precipitation  ranges  from  68.70  inches  at  Pickens  to  25.14  at  Upper 
Tract.  On  an  average,  somewhat  more  than  half  of  the  year's  precipitation  falls 
during  the  warm  season  (April-September),  amounting  to  as  much  as  60  percent 
in  scattered  areas.  The  average  number  of  davs  with  measurable  precipitation 
for  the  State  is  122. 

Approximately  8  percent  of  the  annual  precipitation  falls  as  snow,  with  the 
percentage  varying  from  16  at  Pickens  to  4  at  Williamson.  The  distribution  of 
snowfall  is  varied,  showing  a  gradual  increase  from  an  annual  average  of  less  than 
20  inches  in  southwestern  counties  to  35  in  west-central  counties,  and  then  a  rapid 
increase  in  the  mountain  areas  comprising  Preston,  Tucker,  Randolph,  Pendleton 
and  Grant  Counties,  where  the  average  is  well  over  70  inches.  The  greatest 
seasonal  average  is  105  inches  at  Pickens. 

The  average  number  of  days  with  thunderstorms  in  West  Virginia  is  43,  the 
months  of  greatest  frequency  being  June  and  July,  with  an  average  of  10  each. 
Hail  falls  on  an  average  of  1  day  a  year.  Clear  days  average  147:  partly  cloudy, 
93:  and  cloudy,  125.  Dense  fogs,  due  mainly  to  local  radiation  combined  fre- 
quently with  slow  air  drainage,  are  quite  prevalent  in  the  valleys,  especially  the 
Tygart  Valley.  The  average  number  of  hours  of  sunshine  is  2,090,  or  46  percent 
of  the  possible  amount,  ranging  from  743  hours  in  summer  to  285  in  winter. 

The  prevailing  winds  are  from  the  west.  At  the  high  levels  they  are  westerly 
throughout  the  year,  but  on  the  lower  lands  in  summer  and  fall  they  tend  to  be 
southerly.  Violent  local  windstorms,  accompanying  thunderstorms,  occur  yearly 
in  some  part  of  the  State,  but  tornadoes  are  very  infrequent. 

Stanley  S.  Schworm,  Associate  Meteorologist  and 
Climatic  Section  Director  for  West  Virginia, 
Weather  Bureau,  Parkersbiirg. 
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Climate  of  Wisconsin     •     1199 


SUPPLEMENTARY  CLIMATIC  NOTES  FOR  WISCONSIN 

Wisconsin  lies  between  the  Great  Plains  on  the  west  and  the  Great  Lakes  on 
the  east,  and  extends  from  Lake  Superior  and  the  Upper  Peninsula  of  Michigan 
on  the  north  to  the  northern  boundary  of  Illinois  on  the  south. 

The  topography  and  soils  of  Wisconsin  have  been  generally  determined  by  the 
various  glaciations  to  which  these  lands  have  been  subjected,  so  that  much  of  the 
State  is  rolling  or  hilly.  There  is,  however,  a  considerable  area  in  the  south- 
western and  central-western  parts  which  has  never  been  covered  by  glaciers  and  is 
known  as  the  Driftless  Area.  This  is  marked  by  hills  and  valleys  with  compara- 
tively steep  sides.  A  considerable  area  in  the  central  part  of  Wisconsin  is  com- 
paratively level,  owing  to  weathering  of  the  soft  sandstone  and  deposits  of  outwash 
material  during  the  last  glacial  period,  when  this  region  was  covered  by  water. 

A  marked  ridge,  or  moraine,  extends  from  the  Door  Peninsula  to  Walworth 
County  on  the  southern  border,  the  area  east  of  the  ridge  being  drahied  by  numer- 
ous small  streams  flowing  into  Lake  Michigan. 

A  relatively  high  plateau  occupies  much  of  the  northern  part  of  the  State,  with 
elevations  ranging  from  1,000  to  1,800  feet  above  sea  level.  Hills  of  considerable 
elevation  are  occasionally  met  with  in  this  section;  Rib  Hill,  near  Wausau,  with 
an  elevation  of  1,940  feet  above  sea  level,  is  the  highest  point  in  the  State.  This 
northern  plateau  contains  many  small  lakes,  and  there  the  most  important 
rivers  of  the  State  have  their  sources.  The  slope  downward  to  the  level  of  Lake 
Superior  is  quite  steep. 

The  northeastern  section  of  the  State  drains  into  Lake  Michigan,  a  large  part 
of  it  through  Green  Bay.  The  Wisconsin  River  is  the  main  factor  in  the  drainage 
of  the  central  and  north-central  parts.  The  source  of  the  main  stream  is  a  small 
lake,  nearly  1,600  feet  above  sea  level,  on  the  Michigan  boundary,  while  most  of 
its  tributaries  also  spring  from  lakes  in  the  northern  part  of  the  State. 

Wisconsin  is  to  a  large  extent  an  agricultural  State,  with  its  southern  and 
central  parts  in  a  high  state  of  cultivation.  The  soil  and  climate  are  especially 
adapted  to  dairying,  and  dairy  products  are  the  main  source  of  farm  income, 
accounting  for  over  50  percent  of  the  total.  As  a  consequence,  hay,  oats,  and  corn 
are  the  main  crops.  Th<>  product  ion  of  canning  peas,  dry  peas,  sugar  beets,  cab- 
ban<',  and  tobacco  is  also  of  importance. 

The   climate  of   Wisconsin  is  influenced  by  the  general  storms  which  move 
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eastward  along  the  northern  border  of  the  United  States,  and  by  those  which 
move  northeastward  from  the  southwestern  States  to  the  Great  Lakes.  The 
winters,  especially  in  the  central  and  northern  parts  of  the  State,  are  long  and 
severe,  while  the  summers  in  the  south  are  sometimes  very  warm.  Lake  Michigan 
modifies  temperature  conditions  to  some  extent  in  a  narrow  adjoining  south- 
eastern belt,  but  the  influence  of  the  Lake  on  cold  waves  in  winter  that  sweep 
across  the  State  from  the  Northwest  is  very  limited  and  not  nearly  so  great  as  in 
those  parts  of  Michigan  on  the  leeward  side.  During  such  periods,  the  difference 
in  temperature  between  the  west  side  of  Lake  Michigan  and  the  east  side  in  the 
same  latitude  may  be  marked. 

In  the  colder  parts  of  the  State  minimum  winter  temperatures  are  extremely 
low  practically  every  year.  In  36  of  the  last  50  years  a  minimum  of  —40°  F.  or 
lower  has  been  recorded  in  some  part  of  the  State,  while,  on  the  other  hand,  there 
are  very  few  summers  during  which  the  temperature  does  not  reach  100°  or  higher 
in  some  localities.  Markedly  cool  periods  also  may  be  experienced  in  summer. 
For  the  normally  warmest  month,  July,  in  nearly  half  the  years,  temperatures  as 
low  as  freezing  are  recorded  at  some  place  in  the  State. 

The  average  annual  temperature  is  lowest  in  the  extreme  north,  where  it  is 
about  39°  F..  and  increases  rather  regularly  southward  to  47°  along  the  southern 
and  southwestern  boundaries. 

As  already  noted,  the  waters  of  Lake  Superior  and  Lake  Michigan  affect  the 
temperatures  of  their  shores  to  a  considerable  extent.  The  general  effect  is  to 
make  the  adjacent  land  cooler  in  summer  and  warmer  in  winter.  When  the 
onshore  winds  are  due  to  general  cyclonic  circulations,  the  effect  of  the  Lakes  may 
be  felt  inland  as  far  as  15  to  20  miles. 

While  there  is  a  very  limited  area  along  the  central  part  of  the  northern  border 
of  the  State  which  has  an  average  growing  season  shorter  than  100  days,  most  of  the 
north  averages  from  110  to  135  frost -free  days,  while  in  the  south  the  growing 
season  ranges  from  135  up  to  about  160  days.  Along  the  southern  border  of 
Lake  Michigan  there  are  from  160  to  175  days  when  crops  are  considered  safe  from 
frost. 

The  average  date  of  the  last  killing  frost  in  spring  is  from  May  20  to  June  1  in 
the  extreme  north,  and  between  April  25  and  May  5  in  the  extreme  south.  In 
the  fall  the  first  killing  frost  usually  occurs  in  the  far  north  from  September  15  to 
25,  but  the  average  is  as  late  as  October  5  to  15  in  the  extreme  south. 

The  average  annual  precipitation  in  Wisconsin  ranges  from  about  26  inches  in 
some  parts  of  the  extreme  north  to  about  34  along  the  extreme  southern  and 
southwestern  borders.  The  wettest  months  are  May  to  September,  inclusive,  so 
that  moisture  during  the  growing  season  is  usually  sufficient  for  crops.  During 
this  period  the  rainfall  is  fairly  well  distributed. 

The  greatest  amount  of  snowfall  occurs  in  the  far  north  where  some  sections 
average  55  to  60  inches.  In  the  extreme  south  the  average  snowfall  is  about  30 
inches. 

During  the  summer  months  thunderstorms  occur  rather  frequently.  They  are 
occasionally  violent  and  accompanied  by  hail  and  high  winds  which  do  con- 
siderable damage.  Tornadoes  are  rather  infrequent,  probably  occurring  oftenest 
in  that  part  of  the  north  extending  from  Polk,  St.  Croix,  and  Pierce  Counties 
eastward  to  Lincoln  and  Marathon  Counties. 

For  the  State  as  a  whole,  sunshine  averages  somewhat  over  50  percent  of  the 
possible  amount  a  year.  The  greatest  percentage  occurs  in  summer  and  the  least 
in  winter. 

The  annual  average  relative  humidity,  determined  from  4  first-order  Weather 
Bureau  stations,  is  80  percent  at  7  a.  m/,  64  at  noon,  and  70  at  7  p.  m.  It  is  some- 
what higher  in  winter  than  in  summer. 

Frank  H.  Coleman,  Meteorologist  and 
Climatic  Section  Director  for  Wis- 
consin, Weather  Bureau,  Milwaukee. 
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WYOMING 

AVERAGE     JANUARY    TEMPERATURE 
.22^    oo20„  ..14 


WYOMING 

AVERAGE    JULY    TEMPERATURE 
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62*  60         58  56    56    60 
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WYOMING 

AVERAGE    OATES    OF  LAST  KILLING    FROST    IN     SPRING 

JUNE  20  MAY  30    „_    „       MAY  30 
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WYOMING 

AVERAGE    OATES   OF  FIRST   KILLING   FROST  IN    FALL 

SEPT.  20         SEPT   20 
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WYOMING 

AVERAGE    NUMBER    OF    DAYS    WITHOUT    KILLING    FROST 


120     ,20 


00      120 


WYOMING 

AVERAGE    WARM-SEASON    PRECIPITATION  (  INCHES)  (APRIL    TO    SEPTEMBER,    INCLUSIVE) 

8M2   14 
IC"  10  8     6 
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WYOMING 

:rtES) 


-      ."_.  •  . 


16    16 


12         12 


SUPPLEMENTARY  CLIMATIC   NOTES   FOR   WYOM 

Except  for  the  Red  Des  lie  Big  Horn  Basin  in  the  western  part  of 

-  ng,  and  the  northeastern  and  extreme  eastern  sections,  which  are  really 
an  extension  of  the  Great  Plains,  most  of  the  State  is  mountainous.     Some  of  the 
Mire  important  systems  are  the  Teton.  Absaroka,  Wind  River,  Gros  Ventre,  Owl 
i  Madre  Ranges  in  the  western  part,  the  Medicine  Bow  and  Lara- 
in  the  southeast,  and  the  Big  Horn  Range  in  the  north-central  part. 
of  tile  State  is  approximately  6,?00  feet,  varying  from  3,125 
3efle  Faanrche  River  enters  South  Dakota,  in  Crook  County,  to 
-immit   of  Gannett    Peak.    Fremont   County.     The   Continental 
the  State  in  a  northwest -southeast  direction  from  the  Yellowstone 
to  the  sooth-central  part. 
Tht  drainage  of  Wyoming  is  remarkable  in  that  its  waters  flow  in  practically 
and  tribi.  -  -ems  have  their  sources  in 

ie  northwest  part  of  the  State.  The  Green  River,  a 
le  Colorado,  has  its  source  in  the  northern  part  of  Sublette  County, 
alifornia.  The  Snake  River  has  its  source  in  the  area 
-outhern  part  of  Yellowstone  Park  and  the  western  slopes  of  the 
-re  mountain  ranges :  it  is  a  tributary  of  the  Columbia. 
Tile  Missouri  and  the  Yellowstone  Rivers  have  their  sources  in  Yellowstone  Park. 
and  the  Big  Horn,  a  tributary  of  the  Yellowstone,  has  its  source  on  the  east 
aaapt  :c  kke  Wind  E  rer  and  Absaroka  mountain  ra  ges  all  bhese  &rca  a  an  a 
of  the  Mississippi  River  system- 
completed  irrigation  projects  in  Wyoming,  which  is 
the  larger  is  the  Jackson  Lake  project,  in  Teton 
County,   which  furnishes   irrigation   water  principally   for   the    3  Idaho. 

Big  Horn  River,  and  the  Shoshone  project  on  the 
River,  in  Park  Count  -  for  a  larse  area  in  the 

ntana.     The  upper  North   Platte  River 
mi.  -  ater  is  used  in  Nebraska.      Addi- 

Laramie  River  Basin,  and  m< 
in  na  Platte  County,  Wyo.     The  Gr 

the  only  rirer  most  of  the  water  of  which  Leaves  the  State  "by  natural  flow.     How- 
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many  projects  are  planned  on  the  Green  which  will  materially  reduc- 
lass  of  water  to 

Owing  to  the  diverse  topography  of  Wyoming,  climatic  features  vary  greatly 
from  one  section  to  another.  The  eastern  mountain  slopes  render  the  winters 
ere  in  the  east  than  in  the  valleys  in  the  west.  The  mean  annual  temper- 
ature ranges  from  47  -  asper,  in  the  central  part  of  the  State,  to  32.2 
Lake  Yellowstone  in  Yellowstone  National  Park.  Over  much  stern 
part  of  the  State  freezing  temperatures  may  be  expected  every  month  of  the  year, 
with  the  exception  of  the  extreme  lower  part  of  the  Green  River  Basin.  The 
summers  in  this  section  are  short  with  temperatures  of  100°  or  higher  recorded 
only  on  rare  occasions,  while  the  winters  are  long  and  severe.  Over  the  north- 
eastern and  eastern  parts  of  the  State  temperatures  of  100°  or  higher  are  frequent 
during  July  and  August.  The  winters  in  these  sections  are  not  so  severe  as  many 
people  suppose,  as  the  low  humidity  tempers  the  chilling  effects  of  the  cold  waves 
that  sweep  southward  along  the  eastern  slope  of  the  mo  These  cold 
waves  average  about  three  or  four  a  winter  and  normally  are  of  short  duration, 
frequently  being  broken  up  after  a  few  days  by  warm  chin<: 

Owing  to  the  varied  topography  of  the  State,  the  length  of  the  growing  season 
varies  greatly.  Numerous  mountain  ranges  and  valleys  occupy  the  western  part 
of  the  State,  where  the  growing  season  varies  from  a  minimum  of  30  days  in  parts 
of  Yellowstone  Park  to  a  maximum  of  125  at  Lander.  In  many  of  the  more  elevated 
localities  in  this  section  frost  or  freezing  temperature  may  be  expected  every  month 
of  the  year.  The  northeastern  and  southeastern  parts,  being  more  or  less  level 
or  gently  rolling  and  cut  by  only  a  few  mountain  ranges,  have  a  much  longer 
growing  season  than  the  western  part.  In  the  northeast  the  growing  season 
from  156  days  at  Clark,  in  the  lower  Big  Horn  Basi: 

Absaroka  Mountains,  while  in  the  southeast  it  ranges  from  a  maximum  of  133 
it  Burns  and  Casper  to  a  minimum  of  78  at  Big  Creek,  in  the  Medicine  Bow 
Mountains. 

The  average  annual  precipitation  ranges  from  4.71  inches  at  Hyattville  in  the 
lower  Big  Horn  Basin  to  39.91  at  Bechler  River  in  the  southwest  corner  of  Y 
stone  National  Park.  The  average  annual  snowfall  varies  from  12  inc 
Powell,  in  the  lower  Big  Horn  Basin,  to  more  than  200  in  some  areas  of  Yellow- 
stone National  Park.  Over  much  of  the  State  approximately  70  percent  ol  the 
total  annual  precipitation  occurs  during  the  growing  season,  April  to  September, 
and  this  is  particularly  true  in  the  dry-farmii:  _  of  the  east  and  nor* 

The  heaviest  amounts  of  precipitation  are  mostly  in  the  form  of  snow  in  the  higher 
mountains  and  provide  water  for  the  several  irrigation  projects  in  the  State 
summer  precipitation  falls  mostly  in  scattered  thundershowers  and  is  qui' 
quently  accompanied  by  hail  in  the  spring  months. 

Relative  humidity  in  Wyoming,  as  in  other  Mounta       31  isiderably 

lower  than  over  the  Plains  to  the  eastward.     This  dr  the  air  ser 

temper  the  penetrating  effects  of  the  low  temperatures  during  the  winter  months, 
while  in  summer  it  produces  a  cooling  effect  by  facilitating  evaporation 
this  reason  neither  the  cold  of  winter  nor  the  heat  of  summer  is  as  noticeable  as 
in  more  humid  elini; 

Tornadoes  are  less  frequent  in  Wyoming  than  over  the  central  Plains  area  and 
much  less  destructive.     In  fact,  they  are  more  like  overgrown  whirl  win: 
usually  affect  only  small  areas.     They  rarely  occur  in  the  western  part  of  the 
State  and  on  an  average  only  once  a  year  in  the 

Fred  L.  Distebdick.  Associate  Meteorologist  and 
Climatic    Section     Director    for    Wyoming, 
'her  Bureau,  Cheyenne. 
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SUPPLEMENTARY  CLIMATIC  NOTES  FOR  ALASKA 

Climatically,  Alaska  is  naturally  divided  into  three  areas — 'southeastern  and 
southern,  western  and  northern,  and  the  interior  valleys. 

The  southeastern  area  is  crescent-shaped,  with  an  arc  1,500  miles  in  length, 
and  is  mostly  within  20  miles  of  tidewater.  It  is  mountainous  in  the  extreme, 
with  the  land  areas  cut  by  innuemrable  tidewater  baj's,  sounds,  inlets,  and 
fiords,  some  of  which  are  flanked  by  huge  glaciers  descending  the  mountain  passes. 
Scores  of  the  peaks  have  elevations  above  5,000  feet,  and  a  number  rise  to  from 
10,000  to  15,000  feet.  From  Kodiak  Island  eastward,  the  precipitous  slopes  of 
the  mountains  are  for  the  most  part  clothed  to  heights  of  1,000  to  3,000  feet  with 
luxuriant  forests  of  spruce,  hemlock,  and  some  cedar.  To  the  southward  of 
Kodiak  Island,  however,  the  Alaska  Peninsula  and  contiguous  islands  are  entirely 
devoid  of  forests  or  any  form  of  tree  growth.  v 

Among  the  larger  islands  of  the  Alexander  Archipelago,  which  embraces  about 
half  of  southeastern  Alaska,  are  Chichagof,  Baranof,  Admiralty,  Revillagigedo, 
and  Prince  of  Wales,  the  last-named  having  a  length  of  140  miles  and  a  width 
of  40.  The  more  important  tidal  watercourses  are  Portland  Canal,  75  miles  in 
length  and  very  narrow,  along  the  southeastern  border;  Clarence  Strait,  through 
which  steamers  from  the  States  enter  this  part  of  the  Territory;  and  Chatham 
Strait.  The  largest  fresh-water  streams  in  the  section  are  the  Stikine  and  Taku 
Rivers,  which  have  their  sources  in  British  Columbia.  A  most  distinctive  as 
well  as  picturesque  feature  of  southern  Alaska  is  its  glaciers,  of  which  there  are 
scores,  if  not  hundreds.  Taku  Glacier  is  only  a  few  miles  from  the  steamer  track 
of  the  famous  inside  passage  and  can  be  seen  from  the  largest  ocean  steamers 
that  ply  Alaskan  waters. 

The  western  and  northern  area  includes  the  Aleutian  Islands,  the  Bering  Sea 
section  and  adjacent  coast,  and  the  Arctic  coast  and  its  drainage  basins.  The 
Aleutian  Islands  are  principally  a  continuation  of  the  Alaskan  Peninsula.  These 
are  mountainous  in  the  extreme  and  largely  of  volcanic  origin.  The  mountains 
are  devoid  of  timber,  but  their  lower  slopes  are  for  the  most  part  covered  with 
a  luxuriant  growth  of  native  grasses.  The  Bering  Sea  area  comprises  the  immedi- 
ate coast  line  of  the  mainland;  the  coast  is  of  low  relief  except  along  the  Alaska 
and  Seward  Peninsulas.  Connecting  Bering  Sea  and  the  Arctic  Ocean  and 
separating  the  continents  of  Asia  and  North  America  is  Bering  Strait,  about 
50  miles  wide.  The  coast  line  of  this  area  has  a  length  of  approximately  1,300 
miles,  with  the  southern  part  of  the  arctic  slope  a  high,  rolling  plateau,  beginning 
with  the  Endicott  Mountains.  Flowing  northward  into  the  Arctic  Ocean  and 
having  their  source  in  the  plateau  area  of  the  Endicott  Mountains  are  the  Meade, 
Chipp,  Colville,  and  Canning  Rivers. 

The  interior  valleys  of  Alaska  comprise  principally  those  of  the  Yukon  River 
and  its  tributaries.  The  Endicott  Mountains,  lying  north  of  the  Arctic  Circle 
and  sloping  northward  to  the  ocean  and  southward  into  the  Koyuknk  Valley, 
form  the  northern  limits  of  the  area,  and  between  these  and  the  Alaska  Range 
lies  the  drainage  basin  of  the  great  Yukon.  The  Alaska  Range  is  a  crescent- 
shaped  ridge  50  to  60  miles  wide  and  extending  from  the  vicinity  of  Lake  Clarke 
on  the  west  to  the  St.  Elias  Range  on  the  east.  This  range  is  composed  of  nu- 
merous peaks  more  than  10,000  feet  above  sea  level.  Mount  McKinley,  in  the 
northwestern  part  of  the  arc,  with  an  elevation  of  20,300  feet,  is  the'  highest 
mountain  peak  in  North  America. 

The  Yukon,  rising  within  25  miles  of  tidewater  in  southeastern  Alaska  and 
emptying  into  the  Bering  Sea  through  a  course  2,300  miles  in  length,  together 
with  its  tributaries,  constitutes  the  fifth  largest  river  system  in  North  America. 
Its  drainage  basin  has  an  estimated  area  of  330,000  square  miles,  over  half  of 
which  is  in  Canada.  Features  of  this  basin  are  the  Yukon  Flats,  on  and  near 
the  Arctic  Circle,  and  the  coastal  lowland  and  delta  area,  extending  inland  about 
100  miles  from  Bering  Sea.  The  Tanana  River  Valley,  with  an  area  of  about 
24,000  square  miles,  lies  to  the  northward  of  the  Alaska  Range,  the  glaciers  of 
which  form  the  source  of  most  of  the  southern  tributaries  of  the  river.  While 
the  upper  half  of  the  valley  is  rough  and  broken,  there  is  considerable  level  and 
gently  rolling  country  in  the  lower  half  that  is  well  adapted  to  agriculture,  which 
has  its  greatest  development  in  the  vicinity  of  Fairbanks. 

Lying  north  of  the  Pacific  Ocean  with  a  vast  expanse  of  land  to  the  east  and 
separated  only  by  Bering  Strait  from  the  larger  land  mass  of  Siberia  to  the  west, 
the  main  part  of  Alaska  is  covered  during  the  winter  by  relatively  high  atmospheric 
pressure.     Over  the  immediate  water  surface  to  the  south  there  usually  exists  a 
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trough  of  low  pressure,  with  a  west-east  trend,  commonly  known  as  the  Aleutian 
low.  Through  this  pressure  valley,  so  to  speak,  pass  a  great  many  of  the  cyclonic 
disturbances  of  the  Northern  Hemisphere  in  their  west-to-east  movement.  Other 
disturbances  originate  in  it,  and  altogether  it  exercises  a  great  influence  on  the 
weather  of  the  Territory,  as  well  as  on  that  of  the  Canadian  Provinces  to  the  east 
and  the  northern  half  of  the  United  States  to  the  southeast. 

The  mountains  of  British  Columbia,  with  their  southeast-northwest  trend, 
present  something  of  a  barrier  to  the  eastward  movement  of  these  barometric 
depressions,  manv  of  which  stagnate  in  the  Gulf  of  Alaska  for  days  at  a  time, 
especially  if  the  Pacific  high-pressure  area,  lying  far  to  the  south,  manifests  a 
tendencv  to  move  northeastward  over  Oregon  and  Washington.  In  fact,  after 
reaching  the  Gulf  of  Alaska  a  cyclonic  storm  may  be  forced  to  pursue  a  retrograde 
course  and  actually  to  move  northwestward. 

Whether  from  a  breaking  down  of  pressure  over  the  arctic  slope  of  Alaska,  or 
from  the  northward  thrust  of  the  Pacific  high,  these  Aleutian  lows  occasionally 
take  a  northeastward  movement,  over  Bering  Sea,  and  advance  toward  the 
Seward  Peninsula,  or  they  may  take  a  similar  direction  farther  east  over  the 
Yukon  Vallev.  As  long  as  the  lows  in  winter  pursue  their  normal  track  over  the 
north  PacifiVand  the  Gulf  of  Alaska,  fair  and  cold  weather  obtains  over  the  interior 
valleys  of  the  Territory,  with  relatively  warm  and  rainy  conditions  over  the  south- 
east. When,  however,  they  take  a  northeastward  course,  the  temperature  of  the 
interior  moderates  under  the  influence  of  southerly  winds,  and  precipitation  to  a 
greater  or  less  extent  ensues.  Occasionally,  from  some  cause  not  yet  definitely 
known,  the  arctic  high  builds  up  to  an  exceptional  extent;  then  northerly  winds, 
attended  by  fair  and  unusually  cold  weather,  prevail  over  nearly  the  entire 
Territory. 

In  the  summer  season,  with  the  building  up  of  pressure  over  the  cooler  waters 
of  the  North  Pacific  and  the  heating  of  the  land  surface  of  the  interior  under  the 
influence  of  the  long  days  of  high  latitudes,  the  interior  pressure  is  relatively  low 
and  the  weather  becomes  warm,  sometimes  hot,  with  occasional  rains. 

The  temperature  in  different  parts  of  Alaska  varies  greatly.  In  the  extreme 
southeast,  south,  and  southwest,  it  is  relatively  mild  and  decidedly  equable,  while 
the  precipitation  is  heavy.  In  the  most  southerly  sections  the  temperature  varies 
from  a  mean  of  about  32°  F.  in  January,  the  coldest  month,  to  about  54°  in  July, 
the  warmest.  The  average  January  temperature  corresponds  to  that  in  central 
Maryland,  southern  Illinois,  and  southern  Kansas.  To  the  north,  however, 
winter  temperatures  become  progressively  more  severe;  extremely  cold  weather  is 
frequent  in  the  interior  basin  and  the  arctic  area.  In  the  Yukon  and  Tanana 
Valleys  the  annual  temperature  range  is  pronounced,  varying  from  an  average 
of  lower  than  —20°  for  January  in  the  coldest  parts,  to  about  60°  in  July,  or  an 
annual  range  of  more  than  80°  compared  with  one  of  a  little  more  than  20°  in 
the  more  southern  sections.  In  the  west,  the  Bering  Sea  area,  the  average 
January  temperature  ranges  from  14°  at  Naknek  to  3°  at  Nome,  with  a  summer 
range  from  54°  to  50°,  respectively.  On  the  Arctic  coast  the  average  annual  range 
is  from  —18°  in  January  to  about  40°  in  July. 

The  average  annual  minimum  temperatures  range  from  4°  to  7°  F.  in  the  extreme 
southeast  and  0°  along  the  southern  coast  to  —  56°  at  Tanana  and  —  64°  at  Alla- 
kakat,  in  the  interior  on  the  Arctic  Circle.  The  average  annual  range  of  the 
maxima  is  smaller,  however,  increasing  from  75°  along  the  southern  coast  to 
85°  or  90°  in  the  Yukon  Basin.  The  highest  temperatures  of  record  range  from  80° 
in  the  extreme  south  to  100°  in  the  upper  Yukon  Valley,  while  the  lowest  of  record 
vary  from  5°  at  Yukutat  and  slightly  below  zero  in  the  southeast  to  —76°  at 
Tanana.  It  is  of  interest  to  note  that  the  lowest  temperature  of  record,  at  Sitka, 
—  5°,  compares  favorably  with  the  low  record  at  Meridian,  Miss.,  of  —6°,  and  at 
Tallahassee,  Fla.,  of  —2°.  Minima  in  the  interior,  however,  are  considerably 
lower  than  at  any  place  in  the  United  States,  the  extreme  of  —76°  at  Tanana 
being  10°  lower  than  the  absolute  minimum  for  the  United  States,  —66°  in 
Yellowstone  Park,  Wyo. 

The  average  number  of  days  annually  with  minimum  temperatures  of  zero  or 
lower  gives  a  good  indication  of  the  relative  severity  of  a  climate.  In  Alaska  this 
ranges  from  only  2  years  in  20  at  Ketchikan  and  Sitka,  and  6  in  20  at  Juneau,  to 
an  average  of  more  than  100  days  a  year  in  the  Yukon  and  Tanana  Valleys.  At 
Fort  Yukon  there  is  an  average  of  132  days  a  year  with  temperatures  of  zero  or 
below,  and  at  Barrow,  on  the  north  coast,  170. 

The  length  of  the  growing  season,  or  the  period  between  the  last  freezing 
weather  in  spring  and  the  first  in  fall,  has  a  basic  relation  to  agriculture.     In 
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Alaska  the  growing  season  ranges  in  length  from  an  average  of  160  days  along  the 
southeastern  coast  and  140  on  the  central  Pacific  coast  to  80  to  90  in  the  central 
Tanana  and  upper  Yukon  Valleys.  In  the  south  this  period  of  140  to  160  days 
corresponds  to  the  growing  season  in  the  central  part  of  the  Lower  Peninsula  of 
Michigan,  southern  Minnesota,  and  central  Nebraska,  but  in  the  interior  valleys 
it  is  shorter  than  in  any  agricultural  area  in  the  United  States.  Under  the  influence 
of  prolonged  daylight,  however,  vegetation  makes  rapid  growth.  This  unusual 
length  of  the  day  compensates  to  a  considerable  extent  for  the  shortness  of  the 
growing  season,  though  there  is  much  cloudy  weather. 

The  variations  in  precipitation  in  Alaska  are  equally  as  marked  as  those  in 
temperature.  Along  the  southern  coast  rainfall  is  heavy,  being  in  some  sections 
considerably  greater  than  in  any  locality  in  the  United  States.  In  the  extreme 
southeast  the  average  annual  amount  is  more  than  150  inches,  and  it  is  considerably 
over  100  in  some  central  coast  sections.  Inland  from  the  coast,  however,  pre- 
cipitation decreases  very  rapidly,  ranging  generally  in  the  interior  basin  from  about 
7  inches  in  the  upper  Yukon  Valley  to  about  14  over  the  central  valley  sections. 
In  the  arctic  area  precipitation  averages  less  than  5  inches  a  year. 

Snowfall  has  a  relative  distribution  quite  similar  to  that  of  rainfall,  being  heavy 
along  the  Pacific  coast,  and  decreasing  northward  to  a  minimum  along  the  Arctic 
coast.  The  average  annual  amounts  vary  from  over  100  inches  in  southeastern 
sections  of  the  Territory  to  between  80  and  100  in  most  of  the  Bering  Sea  area, 
40  to  60  in  the  interior  valleys,  and  less  than  40  in  the  arctic  area.  Barrow  is  the 
only  recording  station  showing  some  snowfall  every  month  in  the  year.  The 
Pacific  coast,  in  general,  has  about  4  months  without  any  snow,  the  Bering  Sea 
coast  3,  the  interior  2  months,  and  the  far  north  no  month  without  at  least  a 
trace  of  snow.  In  the  interior,  June  and  July  are  the  months  without  snow, 
while  in  the  same  latitude  along  the  Bering  Sea,  July  and  August  are  generally 
snow-free.  This  illustrates  the  effect  of  the  cool  sea  in  retarding  both  the  spring 
and  the  early  summer  rise  in  temperature. 

The  possible  daily  hours  of  sunshine  at  different  latitudes  across  Alaska  vary 
from  a  maximum  of  8  in  the  extreme  south  in  December  to  16  in  the  south  and 
24  in  parts  of  the  interior  and  the  north  in  June.  However,  the  percentage  of 
the  possible  amount  actually  received  is  generally  quite  low.  Very  few  sunshine 
data  are  available,  but  the  figures  for  Juneau  show  that  even  in  the  long  days  of 
summer  when  the  possible  hours  of  sunshine  are  17  or  18  a  day  the  actual  number 
is  lower  than  at  Boston.  Boston  has  a  yearly  total  of  sunshine  almost  twice 
that  of  Juneau.  Since  observational  data  are  very  sparse,  the  best  indication 
of  the  amount  of  sunshine  is  the  number  of  clear  and  cloudy  days.  At  practically 
all  Alaska  stations  the  number  of  clear  days  is  seldom  over  half  the  total  number, 
and  often  less  than  one-third;  the  greatest  number  of  clear  days  is  found  in  the 
interior,  especially  during  the  late  winter  and  early  spring  months.  Nearly  all 
stations,  except  in  the  interior,  average  more  cloudy  days  than  clear  ones  in  the 
course  of  a  year.  The  Pacific  coast  is  the  cloudiest  part  of  the  Territory,  with 
an  average  of  200  cloudy  days  a  year. 

Records  of  foggy  days  are  not  available  except  for  Juneau,  where  the  average 
is  only  1  to  2  days  a  month.  However,  the  pilot  chart  of  the  north  Pacific  shows 
for  the  Gulf  of  Alaska  and  the  Aleutian  Islands  15  to  25  percent  of  the  days  foggy 
during  the  winter  season. 

J.  B.  Kincer,  Principal  Meteorologist  and  Chief 
of  Division  of  Climate  and  Crop  Weather, 
Weather  Bureau,  Washington,  D.  C. 
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SUPPLEMENTARY   CLIMATIC   NOTES   FOR   THE   HAWAIIAN   ISLANDS 

main  group  of  the  Hawaiian  Inlands  lies  between  18c55'  and  22:15'   X.. 
and  between  154-49'  and  160c15'   W.     The  refore.  near  the  northern 

limit  of  the  Tropics,  due  south  of  the  Alaskan  Peninsula,  and  directly  w 
Yucatan.     From  Honolulu,  the  capital,  it  is  2.0S9  miles  to  San  I 

;ckland.  and  4  :ies  of  about   15 

small,  uninhabited,  and  seldom- visited  islands,  lying  to  the  northwest  of  the  main 
group,  terminates  not  far  from  Midway  Island.  The  total  area  of  the  main  group 
is  6.435  square  miles,  slightly  more  than  that  of  Connecticut  and  Rhode  Island 
combined. 

The  islands  are  the  summits  of  a  long.  2.000-mile  submarine  range  of  mountains 
of  volcanic  origin.  Elevations  have  built  up  from  the  ocean  floor,  some  18.000 
feet  below  sea  level,  to  a  maximiun  height  of  nearly  ^4.000  feet  above  sea  level — 
a  total  of  32.000  feet.  It  appears  certain  that  formation  of  the  elevations  con- 
stituting the  islands  occurred  at  various  periods,  and  that  the  western  end  of  the 
chain  is"  the  oldest  and  the  eastern  end  the  yoimgest.  Decided  contrasts  in  the 
effects  of  weathering  and  erosion  can  be  found  within  short  distances,  owing  to 
the  marked  local  variations  in  rainfall  and  resultant  vegetation.  Ka 
oldest  and  most  northwesterly  of  the  larger  islands,  is  much  cut  up  by  gorg 
ravines,  while  Hawaii,  the  youngest  and  most  southeasterly,  shows  relatively  little 
evidence  of  erosion.  Owing  to  volcanoes  that  are  not  yet  extinct.  Hawaii  is  some- 
times referred  to  as  still  not  altogether  beyond  the  for: 

Xearly  half  of  the  area  of  the  Territory,  including  the  larger  part  of  all  the 
islands  except  Hawaii,  lies  within  5  miles  o:  Approximately  one-fourth 

is  at  an  elevation  below  650.  one-half  below  1.950.  and  one-fourth  above  4.500 
feet.  All  but  a  small  percentage  of  the  population  lives  in  the  lower  one-fourth 
of  the  area,  at  elevations  below  650  feet.  Human  habitants  of  the  area  above 
4.500  feet  are  few,  and  in  fact  much  of  the  ground  at  high  elevations  is  ace 
only  to  experienced  climbers.  On  all  islands  there  is  a  considerable  percentage 
of  land  that  cannot  be  utilized  for  cultivation  for  various  reasons,  such  as  exces- 
sive rainfall,  deficient  rainfall  and  impracticability  of  irrigation,  thin  soil,  and 
topographical  unsuitability. 

Hawaii,  the  largest  island,  from  which  the  group  takes  ite  name,  has  an  area 
of  4.030  square  miles.  The  other  seven  principal  islands,  in  order  of  area  in  square 
miles,  are  Maui:  72S;  Oahu.  604:  Kauai.  555:  Molokai.  260:  Lanai.  141:  Xiihau, 
72;  and  Kahoolawe 

The  outstanding  features  of  the  climate  of  the  Hawaiian  Islands  are  the  remark- 
able differences  in  rainfall  over  adjacent  areas;  the  persistently  equable  tempera- 
ture which  passes  through  the  cycle  of  I  -  devoid  of  marked  or  sudden 
changes  and  with  only  a  very  moderate  difference  between  the  averages  of  winter 
and  summer  months;  and  the  tenaciousness  cf  the  trade  winds  over  the  general 
locality.  The  trade-wind  influence  is  dominant  throughout  all  seasons  and  extends 
over  the  greater  part  of  all  the  islands.  There  are.  however,  a  number  of  local 
influences,  such  as  the  size  and  trend  of  mountains  and  valleys,  the  nearness  to 
or  relative  remoteness  from  the  sea.  and  direction  from  the  sea  in  relation  to  the 
prevailing  east  and  northeast  trades.  In  the  Kona  districts  of  the  Island  of  Hawaii 
and  over  a  section  of  Maui  to  the  southwest  of  Haleakala.  for  example,  mountains 
to  the  east  project  high  above  sea  level  and  cut  off  the  trades,  resulting  in  prevail- 
ing southwesterly  winds,  with  land  and  sea  breezes  in  evidence.  All  these  influ- 
ences have  their  effects  on  the  weather  elements,  at  some  places  only  local  but  in 
others  more  general,  and  they  make  combinations  that  greatly  complicate  climatic 
conditions,  particularly  the  distribution  of  rainfall. 

general  statement  it  may  be  said  that  the  climate  of  the  Hawaiian  Islands 
is  unusually  pleasant  for  the  Tropic?.  Owing  to  the  marked  marine  influence, 
combined  with  the  persistent  trade  winds,  there  is  relatively  little  uncomfortable 
heat  for  the  latitude.  Discomfort  is  infrequently  experienced,  although  at  times 
the  trades  temporarily  give  way  to  light  changeable  or  southerly  winds  with  result- 
ant comparatively  high  humidity.  In  summer  the  trades  blow  with  a  high  degree 
of  persistency,  and  the  uncomforable  periods  are  consequently  most  noticeable  in 
fall.  The  least  comfortable  time  of  the  year  may.  therefore,  be  experienced  some 
weeks,  or  possibly  a  month  or  two.  later  than  the  time  when  the  highest  tem- 
peratures are  recorded.  In  some  areas  the  large  amount  of  rain  that  falls  m 
a  somewhat  disagreeable  feature,  but  it  is  ameliorated  by  the  occurrence  of  a  large 
percentage  of  the  rainfall  at  night. 

Though  some  of  tho>e  spectacular  weather  features  that  may  be  foun; 
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where  are  absent,  considerable  variety  in  climate  may  be  found  within  the  borders 
of  the  Territory.  In  fact  it  seems  doubtful  whether  one  could  find  anywhere  else, 
within  the  short  radius  of  a  few  miles,  such  persistently  sharp  contrasts  in  the 
weather  elements.  For  instance,  there  is  practically  uninterrupted  year-round 
summer  in  the  lowlands,  while  at  the  highest  elevations,  particularly  on  the 
Island  of  Hawaii,  conditions  approach  the  continental  type  of  climate,  though 
the  winters  are  mild.  Mountain  peaks  remain  persistently  cloud-encircled,  while 
over  leeward  lowlands  nearby  the  sun  shines  at  least  several  hours  practically 
every  day  and  on  many  days  uninterruptedly.  Frequent  and  copious  showers 
fall  almost  daily  in  windward  and  upland  districts,  while  rain  of  sufficient  intensity 
and  duration  to  cause  more  than  temporary  inconvenience  in  the  ordinary  pursuits 
of  outdoor  life  is  an  infrequent  occurrence  over  lower  sections  of  leeward  areas. 

August  and  September  are  the  warmest  months,  while  January  and  February 
are  the  coolest.  At  some  windward  and  upland  stations  there  is  only  slightly 
over  5°  F.  difference  between  the  average  temperature  of  the  warmest  and  that 
of  the  coolest  month;  at  a  few  leeward  lowland  points  the  average  difference 
reaches  a  little  more  than  8°.  Elevation  is  the  major  controlling  influence  in 
determining  the  average  temperature,  but  location — whether  in  a  leeward  or 
windward  section — is  also  a  noticeable  factor.  The  highest  temperatures  reached 
during  the  day  in  leeward  areas  are  usually  above  those  attained  in  windward 
districts.  The  daily  temperature  range,  also,  is  greatest  over  leeward  areas, 
where,  in  addition  to  the  maxima  being  higher,  the  minima — at  least  at  the 
lower  elevations — are  slightly  lower.  These  conditions  are  probably  largely  due 
to  less  cloudiness  over  leeward  than  over  windward  sections. 

Available  records  show  that  the  average  temperature  for  the  first  2,000  feet 
and  more  above  sea  level  is  approximately  1°  F.  higher  at  leeward  than  at  wind- 
ward points  at  the  same  elevation.  Some  stations  that  lie  near  sea  level  along 
windward  coasts  and  normally  have  heavy  rainfall  show  relatively  low  annual 
temperature  averages.  This  seems  to  apply  particularly  to  the  area  along  the 
windward  coast  of  the  Island  of  Hawaii. 

The  records  indicate  that  at  ground  elevations  up  to  about  2,500  feet,  and 
especially  at  the  lower  elevations  within  this  range,  when  average  temperature  is 
considered,  the  decrease  with  altitude  is  somewhat  in  excess  of  the  rate  of  1°  F. 
for  300  feet;  for  the  first  few  hundred  feet  there  appears  to  be  a  decrease  at  the 
rate  of  about  1°  for  200  feet.  The  very  rapid  increase  in  cloudiness  as  elevated 
sections  are  approached  and  the  resultant  moderation  of  the  maximum  tempera- 
ture may  well  explain  this.  The  average  annual  temperature  at  Humuula,  Island 
of  Hawaii,  elevation  6,685  feet,  the  highest  point  in  the  Islands  at  which  tem- 
perature records  are  available,  shows  an  annual  value  of  52°  which,  compared 
with  a  sea  level  figure  of  74.9°,  gives  an  average  lapse  rate  approximating  1° 
for  300  feet. 

The  highest,  official  temperature  of  record  is  100°  F.  at  Pahala,  Island  of  Hawaii, 
elevation  850  feet,  on  April  27,  1931;  the  lowest  is  25°  at  Humuula,  elevation 
6,685  feet,  on  the  southern  edge  of  Mauna  Kea,  Hawaii,  on  March  6,  1912. 

Frost  rarely  forms  below  4,000  feet  and  probably  never  below  2,500  feet. 
In  winter,  however,  it  is  sufficiently  cold  for  the  higher  levels  of  Mauna  Loa  and 
Mauna  Kea,  Hawaii,  and  Haleakala,  Maui,  to  be  frequently  covered  with  snow; 
and  it  is  not  so  very  unusual  to  see  snow  on  the  crests  of  Mauna  Loa  and  Mauna 
Kea  even  in  midsummer.  It  is  reported  that  ice  frequently  forms  to  the  thickness 
of  an  ordinary  windowpane  at  Puu  Oo,  on  the  southeastern  slope  of  Mauna  Kea 
at  an  elevation  of  6,450  feet,  and  that  snow  is  not  unknown  in  the  vicinity,  though 
not  common  below  elevations  approaching  9,000  feet. 

In  the  Territory  as  a  whole  considerably  more  rain  falls  from  November  to 
April  than  from  May  to  October.  The  Maui  isthmus  and  the  leeward  west 
Maui  lowlands  show  this  seasonal  difference  most  decidedly,  though  it  is  also 
strongly  in  evidence  over  properly  located  Oahu  and  Kauai  areas.  It  is  not 
unusual  for  an  entire  month  to  go  by  in  the  summer  without  measurable  rain 
falling  at  some  points  on  the  Maui  isthmus,  and  sometimes  considerably  longer 
dry  periods  may  occur  in  that  locality.  Over  areas  where  trade  winds  are  pre- 
dominant—and this  includes  by  far  the  greater  part  of  the  Islands— decidedlv 
more  ram  falls  at  night  than  during  the  day. 

From  windward  to  leeward  slopes  instances  of  pronounced  and  sudden  decline 
in  rainfall  can  be  found.  This  is  well  illustrated  in  central  Kauai,  where  near 
the  summit  of  Mount  Waialeale,  at  an  elevation  of  5,075  feet,  the  average  amount 
of  rain  is  over  450  inches,  while  about  15  miles  southwest,  on  the  leeward  side,  it 
is  less  than  20  inches. 
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Not  only  does  rainfall  vary  greatly  within  short  distances,  but  monthly  amounts 
received  at  a  station  over  a  period  of  years  may  also  show  a  phenomenal  range. 
Most  stations,  even  many  of  those  where  the  annual  normal  is  100  inches  or 
more,  occasionally  have  a  dry  month  when  the  monthly  total  is  less  than  an 
inch.  Conversely,  some  of  the  driest  points,  where  the  annual  average  is  20  to 
30  inches,  may  occasionally  during  a  single  wet  month,  or  sometimes  even  within 
a  period  of  a  few  days,  have  an  amount  approaching  or  surpassing  the  annual 
normals. 

Available  data  indicate  that  the  zones  of  maximum  rainfall  on  windward 
east  Maui  and  on  most  of  windward  Hawaii  may  be  at  rather  moderate  eleva- 
tions, probably  about  2,500  feet  on  Hawaii,  and  slightly  above  3,000  feet  on  east 
Maui.  On  Kauai  and  west  Maui,  however,  rainfall  apparently  increases  with 
elevation  to,  or  nearly  to,  the  summits  of  the  peaks^  at  approximately  5,000  feet; 
it  apparently  increases  also  to  the  highest  elevations  in  the  Kohala  Mountains  of 
Hawaii.  On  Oahu  there  is  an  increase  from  the  windward  coast  to,  or  slightly 
bevond,  the  crest  of  the  Koolau  Range,  where  highest  elevations  are  mostly 
between  2,500  and  3,000  feet. 

Thunderstorms  are  rather  infrequent  and  practically  never  severe.  Hail 
seldom  occurs.  Occasionally  local  storms  are  accompanied  by  winds  of  suffi- 
cient force  to  do  limited  damage  to  trees  and  other  property,  but  severe  storms, 
such  as  tornadoes,  hurricanes,  or  typhoons,  are  entirely  absent.  So-called  thick 
weather  is  almost  unknown  to  the  extent  of  seriously  interfering  with  shipping 
and  is  usually  confined  to  mist  and  rain  rather  than  being  in  the  form  of  fog. 
On  rare  occasions  in  certain  localities,  however,  such  weather,  including  fog, 
may  develop  to  the  extent  of  disrupting  airplane  schedules  for  a  day  or  two. 

Walter  F.  Feldwisch,  Associate  Meteorologist 
and  Climatic  Section  Director  for  the  Hawaiian 
Islands,  Weather  Bureau,  Honolulu. 
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SUPPLEMENTARY  CUMATIC   NOTES  ON   THE  WEST  INDIAN  ISLANDS 

West  Indies  lie  between  latitudes  10"  and  25°  X.  and  longitudes  60c  and 

v." :  YV.     They  are  grouped  in  the  following  divisions:  Bahama  Islands;  the  Greater 

Antilles,  including  Cuba.  Haiti.  Puerto  Rico,  and  Jamaica;  the  Lesser  Antilles. 

includ     -  ''ward  and  Windward  Islands :  and  islands  off  the  middle  coast  of 

N  jarly  all  of  the  islands  are  mountainous  and  some  are  very  rugged. 

The  el  't  land  are  of  extreme  importance  in  the  control  of  distribution 

of  rainfall  in  this  trade-wind  region.      Arranged  in  order  of  magnitude  the  areas 

uiles  are   Cuba.  44,164;  Haiti.  29,586;  Jamaica.    4.450:   Puerto   Rico. 

Trinidad.     1  -  ideloupe,     532;    Curacao.    403:    Martinique 

icia,  233. 
mean  annual  temperature  at  or  near  sea  level  is  between  77.5°  and  79. 

st  the  entire  region,  though  at  Nassau  and  Habana  the  means  are  76.9° 

ivelv.  and  at  a  few  stations  are  in  excess  of  t  Swan  Island. 

Port   au   Prince,   Haiti.   S0.7~:   and   Willcmstad.   Curacao.   81°.     At  Toro 

Dan..  P.  1  the  annual  mean  is  slightly  below  70°.  and  at  Hill 

it  is  only  -lightly  al 

Lonthly  mean  temperature  at  stations  in  the  northern  part  of  this 

region  occurs  in  July  or  August:  the  highest  at  stations  bom  Martinique  southward 

ptember.     At   low  elevations  the  maximum  monthly  means  are 

.     F..  with  extremes  of  78°  (Camajuani.  Cuba"  and  *84°  (Port  au 

Prince  w  the  1.500-foot  level  they  fall  to  about  75°.  and  for  the  4.900-foot 

level  there  is  a  further  fall  to  I  ■■" 

minimum  monthly  re  found  almost  without  exception  in  January 

ruary.     Near  Bea  level  they  are.  as  a  rule.  7  V..  with  extremes  of 

68°    Camajuani)  and  79:    Willemstad),  while  for  the  two  higher  levels  mentioned 

e  they  are  about  70:  and  60°,  respectively. 

The  mean  annual  range  of  temperature  is  8C  to  llc  F.    in  the  Bahamas  and 

in  other  islands  of  the  Greater  Antillean  group,  and  still  less 

in  the  Lesser  Antilles,  with  a  minimum  of  about  3C  at  Bridgetown.  Barbados,  and 

Port  of  Spain.  Trinidad. 

Though  maximum  temperatures  of  100  een  recorded  at  some 

at  many  of  the 

-  and  fall  below  9QZ  for  the  higher  elevations.     In  the  Greater  Antilles 

the  minimum    temperatures   recorded   near   sea    level   range   for   the    most    part 

between  60:  and  50°;  in  the  remainder  of  the  area  at  the  same  levels  they  are 

generally  between  65°  and  I 

there  are  remarkable  differences  in  the  amounts  of  rainfall 
ed  on   windward  and  leeward   ex:  i    in   low  and  elevated   I 

high   windward  and   low 

are  between  stations  separated 

Jy  a  few  i  (Terence,  190  inches  between  Mooretown  and 

ance  of  only  30  miles.     The  most  striking 
example  of  great  difference  in  precipitation  within  a  few  miles  i;>  found  in  Dominica, 
i  on  the  v.  at  an  elevation  of  25  feet,  has  a  mean  annual  rainfall  of 

78  inches,  while  Shawford,  about  3  miles  to  the  northeast,  at  an  elevation  of  560 
feet,  has  a  mean  annual  of  IS"  the  entir  lian  region  the 

extreme  range  of  mean  annual  rainfall  is  about  200  incl 

The:  ittle  uniforinir  •    month  of  maximum  or  minimum  rain- 

fall, not  only  for  different  parts  of  the  territory  as  a  whole  but  also  for  different 
on  individual  islan  Is.      The  greatest  monthly  amounts  occur  from  July  to 
and  the  least  from  January  to  April     In  nearly  all  of  the  islands  the 
•nthly  fall>  are  above  10  inches,  and  at  some  stations  they  reach  20 
and  even  30.  while  the  lowest  monthly  means  fall  below  1  inch. 

heating  frequency  of  precipitation  do  not  admit  of  strict  eom- 
'tained  in  different   ways.     The  minimum  amount   of 
:.v  is  either  0.01  inch  or  0.1  mm. 

.    fcilles  the  available  data  show 
the  following  range  in  number  of  rainy  days  in  the  year:  Cuba.  92  to  115;  Haiti. 
;  and  Jamaica,  76  to  178.     For  stations  in  the 

\      lies  then  hristiansted,  136;  Bridge- 

Antigua.  _  and  the  elevated 

respectively. 
■<•  Dumber  of  days  with  thuud.  ,-r  any  considerable 

her  well    distributed  over  the 
Indian  an  annual  number  of  days  with  thunderstorms  varies 
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rather  widelv :  Port  au  Prince,  114.  Cienfuegos,  101.  Haba  igston.  .54. 

San  J  :  nristiansted,  16,  St.  Job:  i,  St.  George,  Grenada,  12.     These 

figures  show  a  striking  difference  between  conditions  over  the  Greater  Antilles 
and  those  over  the  smaller  Leeward  and  Windward  Islands.  Froni  November 
to  April,  thunderstorms  are  rare,  and  in  the  smaller  islands  they  are  practically 
unknown  from  January  to  April.  In  May  and  June  there  is  considerable  increase 
in  frequency  and  later  a  further  slight  increase  to  the  maximum  during  the  3-month 
period  beginning  with  July:  at  that  time  the  average  monthly  number  of  days 
with  thunderstorms  is  from  15  to  20  for  Port  au  Prince,  Cienfuegos,  and  Habana, 
but  less  than  5  for  stations  on  the  smaller  islands. 

The  prevailing  winds  are  from  the  east  or  northeast,  with  many  stations  showing 
the  former  direction  in  all  months.     A  and  Habana  there  is  a  slight 

veering  in  the  prevailing  directions  in  the  warmer  months  (from  northeast  to 
southeast  and  from  north-northeast  to  east,  respectively),  which  is  probably 
connected  with  the  development  of  the  sea  breeze.  The  fact  that  no  change  is 
noted  at  many  stations  may  be  due  in  part  to  the  small  land  area  or  to  the  choice 
of  hours  of  observation.  The  phenomenon  of  alternation  of  land  and  sea  breezes 
reaches  a  marked  development  in  some  sections  as,  for  example,  at  Cienfuegos, 
Kingston,  and  Port  au  Prince. 

d  annual  wind  velocities  are  not  strictly  comparable  on  account  of  differ- 
ences in  the  elevation  of  the  anemometer,  but  it  appears  that  the  highest  mean 
value  is  that  of  13  miles  an  hour  at  San  Juan  (open  exposure,  elevation  54  feet) 
and  that  the  means  range  down  to  5  miles  an  hour  at  Santo  Domingo  and  Roseau. 
In  the  Bahamas  and  Cuba  wind  velocities  have  a  slightly  marked  maximum  from 
November  to  April:  at  several  stations  in  the  remainder  of  the  area  the  maximum 
occurs  in  the  period  from  May  to  August. 

Maximum  wind  velocities  have  been  recorded  for  only  a  few  statio: 
following  (in  miles  an  hour)  are  the  extremes  reported:  Habana,  134,  October  11, 
1909:  San  Juan.  92.  August  22.  19  St     Kitts,  72,  August  7,  1899; 

and  Bridgetown,  62,  September  10,  1898.  These  high  velocities  occur  during  the 
passing  of  the  well-known  West  Indian  hurricanes. 

Puerto  Rico 

Shaped  like  a  brick  with  its  longer    dimension  directl  nd  the 

southeast  corner  broken  out,  Puerto  Rico  presents  an  extremely  rugged  contour 
from  the  sea  from  any  direction.  The  backbone,  or  main  divide,  extends  the 
length  of  the  island  and  is  for  the  most  part  above  3,000  feet  in  elevation.  The 
higher  parts  are  from  3.500  to  4,000  feet,  with  isolated  peaks  somewhat  higher, 
where  highways  cross  from  north  to  south  are  mostly  at  _     DO  feet. 

This  backbone  divides  the  island  roughly  into  two  parts,  with  the  northern  part- 
about  two  and  one-half  times  as  large  as  the  southern.  Thus  the  long,  gradual 
slopes  are  toward  the  north,  and  the  short,  abrupt  slopes  face  the  south.  At  the 
:.d  of  the  island  the  mountains  spread  out  fan  wise,  filling  the  width  of  the 
island,  while  in  the  east  the  divide  curves  to  the  northeast  corner,  where  there 
is  a  somewhat  detached  group  of  rugged  peaks  known  as  the  Luquillos.  Through- 
out the  middle  reaches  of  the  island  more  or  less  irregular  mountain  spurs  extend 
northward,  so  there  is  relatively  little  level  terrain  anywhere  except  along  the 

us  the  divide  lies  parallel  with  the  flow  of  the  prevailing  eas 
winds  and,  except  for  the  broad  western  section  and  north-curving  eastern  section, 
the  mountains  offer  no  great  deflection  for  the  moisture-laden  air  currents. 

On  the  coastal  plain  of  Puerto  Rico,  and  generally  on  the  smaller  islands,  daily 
and  annual  temperature  rang*  all.     Elevations  on  none  of  the  smaller 

islands  are  sufficient  to  affect  the  day  temperatures  materially,  but  they  do  produce 
somewhat  lower  night  temperatures,  with  a  consequent  noticeable  increase  in  the 
daily  range.  In  Puerto  Rico,  where  elevations  up  to  4,000  feet  are  not  uncom- 
mon, a  difference  is  noted  in  the  day  temperatures,  and  daily  ranges  increase  from 
an  average  of  10s  or  11°  F.  on  the  coast  through  15°  or  20°*in  the  foothills 
or  even  30c  in  the  higher  reaches.  Temperatures  are  intimately  correlated  with 
humidity,  so  that  in  areas  of  continuous  moderately  high  temperatures,  as  in  this 
area,  personal  comfort  depends  largely  upon  the  rapidity  of  evaporation.  Day 
temperatures  are  generally  between  80°  and  90°,  which  is  conducive  to  profuse 
perspiration  on  the  slightest  physical  exertion.  With  a  relative  humidity  through- 
out the  24  hours  generally  above  75  percent,  evaporation  is  rather  sluggish 
the  surrounding  air  keeps  in  motion.     As  a  consequence,  locations  protected  from 
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the  prevailing  breezes  seem  uncomfortably  hot,  while  situations  with  similar 
temperature  open  to  the  trade  winds  are  cool  and  pleasant. 

Conventional  rains — that  is,  thunderstorms  and  rains  induced  by  topographic 
upward  deflection  of  the  air  currents — account  for  a  large  percentage  oT  tropical 
rainfall  throughout  the  year.  Puerto  Rico,  because  of  its  sire  and  the  elevation 
mountains,  has  extremely  varied  amounts.  The  heaviest  falls  are  recorded 
in  the  interior  of  the  east  and  in  the  west  end  of  the  island  where  the  mountains 
offer  the  broadest  upward  deflective  front  to  the  winds,  and  here  the  annual  totals 
are  over  100  inches.  In  the  middle,  while  actual  elevations  are  higher,  the 
mountain  trend  is  parallel  with  the  prevailing  wind  and  only  moderately  large 
totals  are  reported.  The  mountain  barrier  at  the  south  rises  rather  abruptly  and 
is  comparatively  free  from  spurs  and  foothills,  so  that  the  southern  coastal  plain 
has  a  greater  contrast  of  wet  and  dry  seasons  than  that  north  of  the  divide,  where 
the  surface  is  extremely  rugged  and  broken  by  frequent  northward-jutting  spurs 
:>;■::.  ::.-:    iivi  if 

Xo  discussion  of  the  climate  of  this  region  is  complete  without  some  mention  of 
.Ionic  developments  which  frequently  traverse  the  Caribbean  Sea  and  its 
surrounding  islands  during  the  summer  months.  Much  has  been  written  and 
compiled  about  these  terrific  storms,  but  statements  of  averages,  and  especially 
"average  storm  tracks."  mean  little.  The  violence  of  these  cyclonic  developments 
is  well  known.  They  are  subject  to  the  laws  of  cyclonic  movement  in  the  North- 
ern Hemisphere,  having  a  counterclockwise  direction  of  rotation  and  a  forward 
movement  of  the  entire  cyclonic  whirl  at  rates  varying  from  less  than  5  to  more 
than  15  miles  an  hour,  depending  on  the  position  in  the  trajectory  and  interference 
of  other  storms  or  ant  icy  clonic  areas. 

Tables  of  average  frequency  of  destructive  storms  give  at  best  a  somewhat 
rted  idea  of  when  a  storm  may  be  expected  after  one  has  been  experienced. 
For  Puerto  Rico,  the  so-called  average  period  of  major  storms  is  approximately  30 
years,  but  the  Island  may  not  rest  content  on  the  assumption  that  30  years  will 
efore  another  visitation.  The  north  coast  has  been  visited  by  major 
catastrophes  three  times  within  a  5-year  period.  One  of  these,  in  1931.  was 
perhaps  classified  as  a  moderate  storm  but  its  effect  in  a  restricted  area  was  almost 
tornadie. 

August  and  September  are  the  months  of  greatest  frequency  for  this  part  of  the 
hurricane  belt  and  naturally  of  greatest  dread  for  the  inhabitants  of  the  entire 
area.  It  is  during  these  months  that  the  storms  originate  farther  east  and  attain 
greatest  development  before  they  reach  the  longitude  of  Puerto  Rico  and  the 
Virgin  Islands.  Both  earlier  and  later  storms  are  likely  to  originate  within  the 
Caribbean  itself,  and  these  do  not  attain  destructive  violence  before  they  have 
passed  Puerto  Rico.  General  terms,  however,  do  not  suffice,  and  there  is  a  more 
or  less  constant  dread  of  the  hurricane  between  the  first  of  July  and  the  first  of 
November. 

J.  B.  Kixcer.  Chief,  and  W.  W.  Reeo.  Assistant  Chief, 
Division  of  CUmaie  a*d  Crop  Weatker.  Weather  Bwream^ 
irosaiaffoa.  I 
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Ohio- 
climate 1055-1064 
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short-day,  long-day,  and  not  sensitive  to  day 

length 304 

suimner-dry  climates,  description 199-200 

water  content,  role 299-302 

water  shortage,  critical  period 301-302 

Pleistocene  ice  age- 
characteristics  81-83 

glacial  history 82 

Plums,  climatic  requirements 406-41 1 

Pneumonia,  predisposing  climate  and  seasons  .    243- 

244 
Polar- 
front— 

cyclones,  location  and  effects 627 

theory  and  air-mass  analysis 131-133 

waves,  formation  631-635 

zones,  location 622-626 

ice  cap,  effect  on  geologic  climates 75-76 

lands,  settlement,  problem 233-235 

Post-glacial    times,  changes   in   climate,  evi- 
dence   83-87 

Potato-breeding  program.  Federal  and  State, 

progress-  _   358.  386 

Potatoes,  climatic  requirements 383-386 

Poultry,  worm  parasites,  effect  of  climate 522, 

523,  524 
Prairies — 

American,  settlement,  early  history 172-176 

bunchgrass,  description 472 

tall-grass,  description 471 

Precipitation- 
average— 

annual,  by  inches,  1899-1938,  map 711 

fall,    September-November,    by    inches, 

1899-1938,  map 716 

for  10  driest  summers,  by  inches,   1899- 

1938,  map 720 

for  10  driest  years,  by  inches,  1899-1938, 

map 718 

for  10  wettest  summers,  by  inches,  1899- 

1938,  map 719 

for  10  wettest  years,  by  inches,  1899-1938, 

map 717 

spring,  March-May,  by  inches,  1899-1938, 

map 714 

summer,  June-August,  by  inches,   1899- 

1938,  map 715 

warm-season,  April-September,  by  inches, 

1899-1938,  map 712 

winter,   December-February,  by  inches, 

1899-1938,  map 713 

causes,  myths  and  theories 533-534 

characteristics  and  trends,  data  of  Weather 

Bureau 

data,  Weather  Bureau 

distribution  over- 
North  America 669,672-673 

South  America 669-670,  674-675 

world 667-669,672-684 

effect  of  forests,  discussion 480-481 

evaporation    and    infiltration,    relation    to 

run-off  control ;..  536-537 

in  Africa,  distribution 671,  681,  683 

in  Asia,  distribution 670-671 .  678-680 

in  Australasia,  records 683-684 

in  Australia,  distribution 672,683 

in  Europe,  distribution 671.676-678 

infiltration  rate,  effect  of— 

soil  characteristics  537-538 

soil  moisture  and  temperature  538-539 

less  than— 
15  inches,  percent  of  years  with,  1899-1938, 

map  722 

20  inches,  percent  of  years  with,  1899-1938, 

map.  72i 

maximum — 
in  1  hour,  by  inches,  1899-1938,  map  726 

in  1  month,  by  inches,  1899-1938,  map  724 

in  24  hours,  by  inches,  1899-1938,  map...       725 

ocean-fed,  effect  on  forests 493-495 

0.01  inch  or  more,  average  annual  number  of 

days  with,  1899-1938,  map 723 

relation  to — 
grazing  capacity  on  range  areas. 463-464 
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relation  to— Continued. 

run-off  and  evaporation 533 

requirements  for  growing  corn> 312-314 

variation,  factors  affecting  100-102 

variation  in  subhumid  lands 169-171 

world  extremes  664 

See  also  Rainfall;  and  under  each  State. 

Pressure  areas,  distribution 613-621 

Puerto  Rico- 
climate ..   1222-1228 

climate  and  settlement- 
James  Thorp 217-226 

summary 22-23 

climatic- 
notes,  supplementary.    J.  B.  Kincer  and 

W.  W.  Reed 1227-1228 

summary,  by  districts 1222 

diseases,  control ..  219-220 

economic  status  and  proposed  remedies 220 

geographic  setting  and  climate 221-223 

population,  past  and  present 218,220 

precipitation- 
average,  by  districts 1222 

regional  unit  values,  1899-1938  _ . 1225 

settlement 218-220 

slavery,  introduction 218 

temperature— 

by  districts 1222 

regional  unit  values,  1899-1938 1225 

Quaternary  period- 
characteristics 81-83 

occurrence,  cause,  and  description 80-81 

Radiation- 
slow,  theory  in  relation  to  climate. 94 

solar — 

cause  of  convection 600-603 

effect  on  meridional  atmospheric  circula- 
tion   603-605 

Radiosonde,  use  in— 

upper-air  observations ..  132-133 

weather  observations 583 

Rain- 
frequency     distribution,     long-range     fore- 
cast    643-651 

persistent,    origin,    and    cause    of    general 

floods 552-557 

summer,  result  of  polar-front  storm,  sequence 

of  events 657 

temperature,  influence  on  soil  temperature.      272 
Rainfall- 
S-day    forecasting   from    prognostic   charts, 

description 643-651 

interception  by  forest 481 

relation  to— 

distribution  of  vegetable  production 376-377 

run-off  on  vegetal  cover 544-545 

See  also  Precipitation. 
Range- 
lands,  western,  climatic  factors 462-471 

management- 
good,  benefits 470-471 

importance  in  solution  of  climatic  prob- 
lems   467-471 

Pacific  bunchgrass  prairie,  description 472 

sagebrush-grass,  description 473 

salt-desert  shrub,  description 473 

short-grass  plains,  description 471-472 

shrub-grass,  description 472-474 

tall -grass  prairie,  description 471 

timbered  areas,  description 474-475 

types,  description 471-475 

Raspberries,  climatic  requirements 413 

Reed,     Charles    D.:  Supplementary    Cli- 
matic Notes  for  Iowa 871-872 

Reed,     W.      W.:  Supplementary      Climate 
Notes  on  the  West  Indian  Islands.     With 

J.  B.  Kincer 1226-1228 

Reed,    Wesley    W.:  The    Climates   of   the 

World 665-684 

Reforestation,     successful,     factor    of    clima- 
tology   489-490 

Reichelderfer,  F.  W.:  The  How  and  Why 
of  Weather  Knowledge 128-153 
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Rest  period  of  plants,  breaking  methods 298 

Revolutions- 
geologic,  relation  to  earth  history  74-75 

relation  to  volcanic  activity 79-80 

Rhoad.  A.  O.:  Climate  and  Livestock  Produc- 
tion  u 508-516 

Rhubarb,  climatic  requirements 397 

Ringland,  Arthur  C:  Land  Use  in  Flood 

Control.   With  Otto  E.Guthe 561-565 

River  staees.  factor  in  flood  forecasting 570 

Robb.  Andrew  D.:  Supplementary  Climatic 
Notes  for  Kansas 

Rocks- 
disintegration,  relation  to  climate 114 

key  to  geologic  time 68-71 

weathering,  process 266 

Rossby.  C.  G.: 
Amateur  Forecasting  From  Cloud  Forma- 
tions    656-661 

The  Scientific    Basis  of  Modern   Meteor- 
ology      599-655 

Roundworm  infestation  of  livestock,  effect  of 

climate 518.520.521.522.523 

Run-off— 

amount,  effect  of  vegetal  cover 544-545 

climatic     factors     affecting.     G.    W.  Mus- 

grave 536-545 

comparison  with    erosion    on    plowed    and 

planted  land  541 

control— 

flood-protection  measure  -     536 

relation  to  evaporation  and  infiltration. _  .536-537 

determination  by  storm  characteristics 543-544 

effect  of  climatic  factors,  summary ....   52 

from  clean-tilled  and  dense  cover  crops  in 

northern  and  southern  locations .. .  543 

from  corn  and  bluegrass  plots  durine  storms, 

Zanesville,  O . ,  January,  1937 544 

in  northern  and  southern  climates,  compari- 
son   542-543 

increases  and  decreases,  factors  affecting 52 

rate— 

and  amount,  hydrologic  factors 536-545 

relation  to  field  moisture 546 

relation  to— 

land  use 563-564 

precipitation  and  evaporation 533 

rainfall  on  vegetal  cover 544-545 

soil  characteristics 537-538 

temperature 539-540 

Russkll,   Richard  Joel:   Climatic  Change 

Through  the  Ages 67-97 

Rusts,  epidemics,  weather  favoring 500-502 

Rutabagas,  climatic  requirements 381 

Sagebrush-grass  range,  description 473 

Sager.  George  V.:  Supplementary  Climatic 

Notes  for  Nevada 987-988 

Salmon,  8.C.:  Climate  and  Small  Grains. ..  321-342 

Salt-desert  shrub  range,  description 473 

Bttlts,  depletion  in  blood  due  to  sweating,  con- 
sequences  254,256.258 

Bauxb,    Carl    O.:    The    Settlement    of   the 

Humid  East. ..  157-166 
Schworm.  Stanley  S.:  Supplementary  Cli- 
matic Notes  for  West  Virginia     1189-1190 

Scientific  approach  to  weather  and  climate, 
summary  6.51-64 

Seasoas  occurrence  in  South  America ..     671-672 

Semidesert -grass  plains,  description 472 

September,  weather,  summary      697-698 

Settlement  - 
and  climate  of — 

:.ri'l  reeion.     Reed  W.  Bailey  188-196 

arid  region,  summary  19-20 

Plains.    C\  Warren  Thornthwaite    177-187 

Quest  Plains,  summary  18-19 

-ubliumi'l  lands.    Glenn T.  Trewartha    167-176 
sabbmnid  lands,  summarj  -  17-18 

'lltivation  in  summer-dry  dim  r 
John  Leighly  i 

ry  20-21 
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future,  and  climate- 
Jan  O.  M.  Broek. 227-236 

summary .     23-24 

in  Puerto  Rico  and  Hawaiian  Islands — 

James  Thorp 217-226 

summary 22-23 

of  humid  East.     Carl  O.  Sauer 157-166 

of  northern  lands- 
economic  factors 209-210 

geographical  factors 210-212 

historic  factors 206-208 

sociological  factors 20s;-  209 

pattern,  in  arid  region .     193-196 

Settlers- 
colonial,    early    beginnings,    tactors    affect- 
ing...     161-166 

pioneer,  use  of  Indian  agricultural  methods.  160-161 
Sheep,  worm  parasites,  effect  of  climate.  521-522.  524 

Shelterbelts.  influence  on  climate.   484-4S5 

Showers,  summer,  result  of  polar-front  storm, 

sequence  of  events  . 657 

Showalter,    Albert:  Storms    and    Floods. 

With  Benjamin  Holzman 551-557 

Shrub-grass  range,  description 472-474 

Signal  Service.  Army,  meteorological  observa- 
tions   689 

Silt  deposits,  glacial,  geochronological  studies  84-85 
Skin,  pigmentation,  response  To  heat  ...  255-256 
Slope,  land,  effect  on  climatic  conditions  ...  270-271 
Smithsonian  Institution,  work  in  meteorology 

686,687 
Snails,  intermediate  hosts  of  livestock  para- 
sites      519, 524 

Snow — 

accumulation,  effect  of  forests 559-560 

contribution  to  flood  hazards 557-558 

cover,  average  annual  number  of  days  with  1 

inch  or  more,  1899-1938,  map 728 

depth,  on  plowed  and  planted  fields,  com- 
parison    540-541 

influence  on  soil  and  water  losses  on  Bath 

flaggy  silt  loam,  Ithaca,  N.  Y..  1936 542 

melt— 

C.  L.  Forsling 557-560 

causes 558-559 

summary 54 

Snowdrifts,  control  by  windbreaks 485 

Snowfall,   average  annual,   by  inches,    1899- 

1938.  map ...      727 

Soil- 
air  in,  exchange  with  air  in  atmosphere  above 

soil 271 

amount  of  water  entering,  factors  affecting    272-273 

and  climate 108-121 

and  climate — 

Charles  E.  Kellogg 265-291 

summary  ..  26-29 

blowing,  prevention  by  shelterbelts    ....  484 

characteristics,  effect  on  infiltration  rate    537-538 
classification  into  10  world  group>  109-114 

correlation  with  climate,  plants,  and  animals 

269-270 
definition,  and  descriptive  items  269 

exhaustion  and  renewal 

fertility,  factors 280-287 

"field  capacity,"  definition  and  variation 301 

formation- 
climatic  factor 270-274 

process 266-269 

frozen,  effect  on— 

infiltration  rate 540 

run-off  ...  540-543 

horizons,  development  .   267 

mineral  content,  relation  to  vegetation  .      109 

moisture,  relation  to  temperature  and  infil- 
tration rate  538-539 
nutrition,  aeeds 

organic  materials,  heat  conduct  a  no- 
productivity,  (actors  280-287 
profile,  development 

surface,  water  v  ipor  losses,  relation  to  trans- 
piration 
tempera  tur 
effects  of  forests 480 
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factors  affecting 271-272 

transitional  group,  list 278-279 

types— 

and  kinds  in  subhumid  lands 172 

characteristics 269 

principal,  formation 274-280 

water,  amount  and  distribution,  effect  on 

soil  formation 273-274 

Soils— 

azonal,  formation 275,  280 

Chernozem,  development 275-278 

cotton,  of  United  States 361-362 

Desert,  development 278 

forest,  water-holding  capacity  and  storage.  483-484 
intrazonal— 

formation 274-275,279-280 

types  and  development 279-280 

Laterite,  development —      275 

Podzol,  development —      275 

world,  zonal  groups,  distribution 109-114 

zonal — 

formation 274,275-279 

types  and  development 275-279 

Sorghum — 
and  climate— 

J.  H.  Martin __  343-347 

summary —        34 

grain- 
acreage  and  distribution 344-345 

characteristics  and  requirements 345-347 

South  America- 
climate,  distribution 669-^70,674-675 

corn-producing  areas 319 

South  Carolina — 

climate 1099-1108 

climatic  notes — 
supplementary.    Gerald  C.  Merchant.  1107-1108 

by  counties 1099-1100 

days  without  killing  frost 1106 

frost-killing  dates — 

average,  by  counties 1099-1100 

average  number,  maps 1105 

with  length  of  growing  season 1102-1103 

growing  season,  length 1102-1103 

precipitation — 

average,  by  counties 1099-1100 

average,  maps 1106,1107 

State  unit  values,  1886-1938 1101 

temperature — 

by  counties 1099-1100 

January  and  July,  maps 1104 

South  Dakota- 
climate 1109-1118 

climatic- 
notes,  supplementary.    Bernard  R.  Las- 

kowski 1117-1118 

summary,  by  counties 1109-1111 

days  without  killing  frost,  average  num- 
ber, map 1116 

frost-killing  dates- 
average,  by  counties 1109-1111 

average,  maps 1115 

with  length  of  growing  season 1112-1113 

growing  season,  length 1112-1113 

precipitation- 
average,  hy  counties 1109-1111 

average,  maps 1116, 1117 

State  unit  values,  1886-1938 1112 

temperature— 

by  counties 1109-1111 

January  and  July,  maps 1114 

State  unit  values,  1902-38 1112 

Southern  colonies,  agriculture,  description,.  162-163 
Soybeans- 
adaptability  and  range       455 

climatic  relationships 455-457 

Spinach,  climatic  requirements .  382 

Sprague,     Malcolm:     Supplementary     Cli- 
matic Notes  for  California 795-797 

Ktefansson,    Vilhjalmur:      The   Coloniza- 
tion of  Northern  Lands  205-216 

Steppes,  settlement,  problem 233 

Stomach  worm,  infestation  of  sheep,  effect  of 
climate 521-523 


Page 
Stone,  Robert  G.:  Health  in  Tropical  Cli- 
mates   246-261 

Storms— 
and  floods- 
Benjamin  Holzman  and  Albert  Showalter.  551-557 

summary 53-54 

characteristics,  determination  of  run-off..  543-544 
data,  contribution  of  water-cycle  measure- 
ments   532-533 

stagnant-cold-front,  definition 551 

types  causing  floods,  description 53-54,  551 

typical  polar-front,  passage,  description  of 

events 657-660 

See  also  Thunderstorms. 

Stratosphere,  definition 601 

Strawberries,  climatic  requirements 412-413 

Strongyles,  infestation  of  livestock,  effect  of 

climate 518,521,522.523 

Subhumid  lands- 
climate  and  settlement- 
Glenn  T.  Trewartha 167-176 

summary 17-18 

settlement,  climatic  factors 167-176 

Sugar- 
cane, world  production,  source 423 

industry,  development,  relation  to  environ- 
mental factors 425-427 

production,  relation  to  climate 431 

Sugar  beet- 
adaptation  to  Imperial  Valley,  Calif 436 

and  sugarcane,  climatic  relations— 

E.  W.  Brandes  and  G.  H.  Coons 421-438 

summary 40-42 

bolting,  factors  affecting 434-435 

climatic  requirements 432-436 

comparison   with    sugarcane    as   source    of 

world  sugar  supply 431 

cropping  practices,  relation  to  climatic  re- 
quirements        436 

curly  top,  climatic  conditions  favoring 436-437 

disease  epidemics,  relation  to  climate 436-438 

leaf  spot,  climatic  conditions  favoring 437 

sugar  storage,  factors  affecting 432-436 

varieties,  origin  and  spread r.  431-432 

world  distribution 431 

Sugarcane— 
and  sugar  beet,  climatic  relations — 

E.  W.  Brandes  and  G.  W.  Coons 421-438 

summary 40-42 

areas,  climatic  factors,  analysis 426 

basic    types,    tests    for    determination    of 

climatic  requirements 430-  431 

climatic  requirements 421-431 

comparison  with  sugar  beet  as  source  of  world 

sugar  supply 431 

garden  and  wild  forms,  adaptability..  425,427-429 

growth  requirements 427 

industries,  location 422-425 

introduction— 

and  production  in  Puerto  Rico 219 

into  Hawaiian  Islands 224 

"noble"  varieties,  origin 425 

origin  and  spread 425-427 

short-cycle  forms,  growing  in  India 427 

varieties- 
climatic  adjustments 427-429 

selection  for  sugar  production 427-429 

world  distribution 422-425 

Summer,  atmospheric  circulation  patterns  __  635-641 
Summer-dry  climates — 
settlement  and  cultivation.   John  Leighly .  197-204 

value  in  national  economy... 204 

Sun  tan,  advantages 255 

Sunburn,  acquiring,  precautions 255 

Sunlight- 
advantages  and  disadvantages 255-256 

effect  on— 

livestock  production 611-512 

worm  parasites  of  livestock 523 

Sunscald  of  trees,  cause  and  control 29  7 

Sunshine- 
average  number  of  hours  of,  daily- 
summer,  June- August  1899-1938,  map 739 

winter,     December- February     1899-1938, 
map 738 
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data  ot  Weather  Bureau 693-694 

possible  percentage,  summer— 

June-August  1S99- 1938,  map 741 

December- February  1899-1938,  map 740 

requirements  for  growing  corn 314 

Sweatins,  profuse,  effects  on  composition  of 

blood. 254.256,258 

Swedes,  contribution  to  weather  .science 2-3 

Sweetpotatoes,  climatic  requirements  ____.  394-395 
Swine— 
kidnev  worm,  infestation,  effect  of  climate..     522. 

523. 524 
worm  parasites,  effect  of  climate. .  521,  522. 523,  524 
See  also  Hogs. 

Tables,  data  used,  explanation 689-699 

Tapeworms,  infestation  of  livestock,  effect  of 

climate 518.519.520,522 

Temperature- 
adaptation  of  frost-tolerant  vegetable  crops.  388-389 

air,  effects  of  forests  478-479 

and  planting  dates,  data  of  Weather  Bureau      690 
average- 
annual  maximum,  1899- 1938,  map 706 

annual  minimum,  1899- 1938,  map 707 

annual.  United  States,  1899-1938.  map 703 

January,  1899-1938,  map 704 

Julv,  1899-1938,  map 705 

Julv  wet-bulb,  1899-1938,  map .      710 

data  of  Weather  Bureau  .    ...  689-690 

distribution  over— 

Xorth  America. 669,672-673 

South  America 669-670.674-675 

world 666-667.672-684 

effect  on— 

insects 504.  505-507 

livestock  production.. 510-513 

plant  growth 293-298 

worm  parasites  of  livestock 522-523 

5-day  forecasting  from  proenostic  charts,  de- 
scription   643-651 

high- 
comfort  and  discomfort  criteria 248. 249 

effects  on  plants 298 

exposure  to,  svmptoms 244 

in  Africa,  distribution 671.681-683 

in  Antarctica,  records 684 

in  Asia,  distribution  . 670.671.678-680 

in  Australasia,  records 683-684 

in  Australia,  distribution 671.  683 

in  Europe,  distribution 670.676-678 

in  Little  America,  records 684 

low- 
effects  on  plants. 295-298 

injury  to  deciduous  fruits 407-409 

range — 

importance 252-2.53 

in  subhumid  lands 168-169 

regulations  in  human  body 238-239 

relation  to— 

distribution  of  vegetable  production 377-378 

run-off  and  infiltration 539-540 

requirements  of— 

alfalfa ... 443.444 

citrus  fruits 402-403 

clovers 446-448.451-453 

corn 310-312 

forage  production        ...465-466 

soybeans 456-457 

vegetable  production 377-378 

soil— 

effects  of  km sta  480 

factors  affecting 271-272 

summer,  ranges  for  deciduous  fruits.. 410 

variations — 

causes.. 271 

factor?  affectinz                                      ...   102-105 
Temperatures- 
highest  ever  observed,  1899-19-iS,  map 708 

low*  "   ed,  1899-1938,  map 709 

world  extreme*.  664 
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notes,  supplementary.    Robert  M.   Wil- 
liamson    1127-1128 

summary  by  counties 1119-1121 

days  without  killing  frost,  average  number, 

map H26 

frost-killing  dates — 

average  by  counties 1119-1121 

average,  map 1125 

with  length  of  growing  season 1122-1123 

growing  season,  length 1122-1123 

precipitation- 
average,  by  counties 1119-1121 

average,  maps 1126. 1127 

Stateunit  values.  1886-1938 1122 

temperature— 

by  counties 1119-1121 

January  and  July,  map 1124 

State  unit  values,  1902-38 1122 

Texas- 
climate 1129-1146 

climatic- 
notes,  supplementary.   Clinton   E.   Nor- 

quest 1144-1146 

summary,  by  counties 1129-1135 

days  without  killing  frost,  average  number. 

map 1143 

frost -killing  dates- 
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average,  maps _.     1142 

with  length  of  growing  season 1137-1140 

growing  season,  length 1137-1140 

precipitation- 
average,  by  counties 1129-1135 

average,  maps 1143, 1144 

State  unit  values,  1886-1938 1136 
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by  counties 1129-1135 
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Theodolite,  use  in  weather  observations 582 

Theories,  of  climatic  change ,  description 92-94 

Thorn-headed  worms,  infestation  of  livestock, 
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